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EXECUTIVE SUMMARY 
1 INTRODUCTION 
 
Organisations are spending a large sum of capital by investing on physical assets in 
order to improve productivity and gain competitive advantage. It has become imperative 
that business leadership turn their attention to the development, implementation and 
sustenance of physical assets management strategies in order to eliminate operational 
and reliability risk. 
2 RESEARCH FOCUS 
 
 
The research focused on the use of physical assets as a way to attain competitive 
advantage though improvements in ways of working (Methods) , ensuring that parts are 
readily available (Material), preparing the human capital to harness existing 
opportunities through leanings (Manpower),and make certain that  shareholders value is 
retained (Money).  
Literature review was conducted to get grounding and the selection of key physical 
assets management variables and best practices. The foundations of the key physical 
Asset management variable i.e. Projects planning & implementation, Financial Assets 
Registers, Maintenance strategies, Spare parts Management, Skills and Labour 
retention and Knowledge management, was used to inform the qualitative empirical 
study questionnaire. Respondents are some senior management within five 
manufacturing sites in Nelson Mandela Metro. 
On conclusion of  analysis,  interpretation and summarising of the results, a number of 
business management strategies and processes are   recommended to assist getting 
much needed value add from physical assets and increase productivity.  
xv | P a g e  
 
3 CONCLUSION 
 
Physical Asset management is an integrated approach to realising sustainable output 
from physical assets throughout their entire useful life. These can be achieved through 
improved utilisation, increased productivity, better decision making based on asset 
condition and value. Effectiveness of physical asset management variables is largely 
dependent on leadership support and commitment and requires a top down approach. 
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CHAPTER ONE 
1 INTRODUCTION AND PROBLEM STATEMENT 
1.1 INTRODUCTION 
 
Physical assets form a big part of organisations capital investments; these investments 
are made by shareholders with an expectation of a return on investment (ROI), during 
the life cycle of physical assets. It is stated that manufacturing firm‟s investments on 
physical assets contributed 20.6 percent to South Africa‟s gross  value add (GVA) 
between 2005 and 2008 (Fedderke, 2010). Physical assets refer to tangible assets, 
including plant machinery, equipment, buildings and infrastructure (Schuman & Brent, 
2005).  
The value of these assets is reflected in the organisation‟s financial statements. The 
wear and tear assets experience during the period that they are consumed physically 
and economically is reflected by the depreciation value in the income statement of an 
organisation (Kruger et al., 2006). Management-Leadership of these assets is expected 
to develop and implement strategies, tactics and performance measures to ensure that 
investors get returns on investments year after year, thus making physical assets 
management a key strategic focus (Lloyd, 2010).  
Management should follow a three horizon planning approach for their asset 
management process i.e. strategic (planning beyond five years), tactical (two to five 
years) and operational (below two years); in order to ensure the attainment of economic 
value add (EVA) of assets and avert business risk (Van Houten & Zhang, 2010). The 
three horizon view should focus on all three business dynamics of physical asset 
management which is termed, integrated engineering assets management. Figure 1.1 
shows the expected integrated thinking that should be applied by leadership in their 
three horizon planning view (Koronios et al., 2007). 
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Figure 1.1: Integrated assets management spheres  
Source:  Adapted from (Koronios et al., 2007) 
 Engineering management: Asset‟s useful life, performance measurements, 
tactical planning and condition monitoring. 
 Business management: Strategic planning, risk management, financial 
management, budgeting and costing and ownership of assets. 
 Information management: Information systems, data management, human 
resource. 
Failure of management or leadership to implement appropriate assets management 
strategies could expose businesses to financial risks, safety risks, environmental risks, 
operational and reliability risks. The following experiences highlight the critical risk 
associated with physical assets 1) The crushing of space shuttle Columbia on re-entry 
resulting, in the death of twenty three persons 2) A 24 hours electrical blackout in the 
United State of America and southern Canada affecting 35 million people 3)Hatfield rail 
crush in October 2000 resulting in death of passengers and subsequent prosecution of 
management-leadership of the railroad company and 4) BP‟s Deep water Horizon rig 
explosion in Aril 2010 , killing 11 workers and leading to a huge oil spill into sea ever 
experienced by man  (Zuashkiani et al., 2010).  
Engineering  
management 
Business 
Management 
Information 
management 
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1.2 PROBLEM STATEMENT 
 
Physical assets management strategies have become a focal point of organisations as 
businesses are faced with increasing operational and reliability risks, factors which are 
of grave concern to investors and regulatory authorities (PAS55, 2010). Many industry 
sectors regard some sub-parts of physical assets management i.e. maintenance, as a 
necessary evil with the result that it (maintenance) does not get the necessary attention 
and focused strategic planning that it deserves, this has resulted in it (physical asset 
management) being done in an uncoordinated effort (Payne et al., 1999). This research 
investigates the adaptation and implementation of physical assets management 
strategies within manufacturing industries with the objective of improving performance 
and obtaining competitive advantage. 
 
1.3 IMPORTANCE OF THE STUDY 
 
In a study conducted for the Water Research Council there was a view that the 
implementation of assets management strategies were at a very low level in South 
Africa. The levels of implementation has seen a slight increase in the past years due to, 
amongst others, legislative drive of municipalities (Municipal Finance Management Act) 
and the issuing of guidelines for infrastructure assets management by the department of 
provincial and local government in 2007 (Holdt et al., 2009).  
It is also clear that the strategies are still applied in a disjointed manner resulting in ever 
increasing missed opportunities. Physical asset management offers a well co-ordinated, 
long term and sustainable approach in arriving at options, sizing and evaluating risks 
and returns; and justifying decisions and plans. Its focus on whole life, whole cost 
disciplines is the cornerstone to achieving sustainable economic and environmental 
performance (Lloyd, 2010). Physical assets management has lagged far behind other 
management functions in the application of formal strategies and techniques (Payne et 
al., 1999). 
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 Physical assets maintenance in the manufacturing environment can account for 
between 2 percent and 10 percent of the operating income of the organisation (Payne et 
al., 1999). In addition to the physical asset maintenance subsections of asset 
management such as spares parts management linked to physical assets risk 
assurance could amount to 10 percent of assets value. Spares parts management is 
crucial to business continuity and revenue protection. Equipment spares are similar to 
liability insurance, they are procured but never really want to be used, but if operations 
is caught without these critical parts it faces  risk of long equipment down time which 
could result in non-delivery of orders and loss of customer orders; and eventual loss of 
revenue and non value add to shareholder value (Levitt, 1997) 
In recent years the success of the maintenance function in physical asset management 
has evolved from requiring only skilled artisans; to requiring high calibre, trained 
personnel in the engineering field ranging from chemical, mechanical, electrical or 
mechatronics. This is driven by the increasing technological complexity of equipment 
and manufacturing systems (Myburg, 2008).The cost of such skilled and knowledgeable 
labour is very high, particularly now that South Africa is experiencing a brain drain and 
an imbalance in the demand and supply of technical skills. 
Economies, organisations and industries that depend on the availability, reliability and 
condition of physical assets are going to fail or succeed based on their ability to manage 
assets sustainably, effectively and efficiently with limited resources (Lloyd, 2010). There 
is a need for asset optimisation that differs from former practices which were focused on 
cost centre management, i.e. assets management directed to comply with an operating 
budget; which is activity based, task protective, risk averse and does not offer any 
structural incentive for better assets management. Organisations need to draw up their 
own physical assets management strategic policies and strategic plans, and decide how 
to best implement them. In their efforts, organisation should take a profit centred 
management approach which is value driven and results oriented, encourages 
investment and accept that higher value add can sometimes come at increased 
operating cost. The profit centred approach rewards quick response and 
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resourcefulness; it however demands a sense of ownership, responsibility as well as 
accountability (Mitchel, 2006).  
Studies have been conducted which focused on the maintenance management models 
such as reliability centred maintenance (RCM), business centred maintenance (BCM) 
and total productive maintenance (TPM). A disadvantage of applying these models in 
isolation is that they only give focus on improving 65 percent of the life cycle cost of the 
equipment used within manufacturing industries (Schuman & Brent, 2005). The 
terotechnology concept has attempted to address the deficiencies, with a combination 
of financial management, engineering, quality and other management practices applied 
to physical assets in order to ensure the realization of full economic life cycle cost, and 
asset life cycle management (ALCM) was proposed by Schuman and Brent (2005) as a 
holistic effort towards aligning and integrating relevant elements of project management, 
logistics engineering, systems engineering, maintenance management and life cycle 
costing.  
The importance of physical assets management strategies and their potential 
application has been well established ,however, there has been inadequate research in 
benchmarking the influence of physical assets management strategies (applied or not 
applied) in various manufacturing sectors on the overall business performance in order 
to  give  competitive advantage. 
 
1.4 RESEARCH OBJECTIVES 
 
1.4.1 Primary objective 
 
The importance of physical assets management strategies and the potential application 
has been well established. There has, however, been inadequate research in 
benchmarking the influence of physical assets management strategies (applied or not 
applied) in various manufacturing sectors on the overall business performance.  The 
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primary objective of the study is therefore, to investigate how physical asset 
management is implemented in South African manufacturing industries to improve their 
business performance using a framework as per figure 1.2 below. The frame work is 
composed of selected factors of the whole system concept as proposed by M‟Pherson 
and applying a five M‟s problem solving methodology incorporating the integrated 
engineering assets management proposed by Koronios et al.  
 
1. Methods     -  Projects implementation 
2. Manpower -  Skills and labour retention 
Knowledge management 
3. Machine    –  Maintenance strategies 
4. Money       -  Financial asset registers 
5. Material    –  Assets spare parts 
The framework is represented in a Venn on figure1.2 below and used as the basis for 
the research. 
 
Figure 1.2: Factors considered for physical assets management  
Source: Adapted from (Koronios et al., 2007); (IIMM, 2011) and (M'Pherson, 1980) 
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1.4.2 Secondary objectives 
 
The aim of secondary objectives is to identify from literature the best practices in 
physical assets management within manufacturing organisations. 
 
 
1.5 DELIMITATIONS OF THE RESEARCH 
 
1.5.1 Geographical Area 
 
The research was confined to the borders of the Nelson Mandela Bay Metropolitan 
within the Eastern Cape Province of the Republic of South Africa as shown on figure 1.3 
below. The focus will be on the manufacturing sector within the Nelson Mandela Bay 
Metropole which accounts for 42.5 percent of the Eastern Cape‟s gross value add 
(GVA) (Anon., 2010). 
 
Figure 1.3: Radius depiction of Nelson Mandela Bay Metropolitan 
Source:  (Anon., n.d.) 
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1.5.2 Level of Management 
 
The research was  limited to senior management of the selected manufacturing sites. 
 
1.6 METHODOLOGY OF STUDY 
 
1.6.1 Research paradigm 
 
There exist two types of research paradigms namely, the positivism paradigm and the 
interpretivism paradigm (Collins & Hussey, 2009). The positivism paradigm was 
fathered by Auguste Comte who introduced the term positivism (Blunden, 1999-2008). 
Comte philosophised that society and history were governed by laws and these laws 
would only be understood once science had developed sufficiently. He asserted that 
once science was sufficiently developed, social and historical developments could be 
subjected to scientific management. Positivism is associated with a paradigm that 
follows scientific, logical reasoning and empirical research, observations or experiments 
in coming to a conclusion (Collins & Hussey, 2009).  
This approach is focused on collecting and analyzing numerical data using statistical 
methods. Positivism places more emphasis on the quantification and has a firm belief 
that correct techniques guarantee the correct answer (Ryan, 2008). This approach is 
underpinned by the fact that any knowledge can be extracted from positive information 
as rational justifiable assertions can be scientifically or mathematically proven. 
Positivism rejects theoretical speculations as a means of obtaining information or 
knowledge. 
The interpretivism approach seeks to describe, translate and find a way to come to 
terms with the meaning of data. This approach„s results do not originate from any 
statistical analysis of data, but rather from analysis of various views held by people. It is 
underpinned by the fact that social reality is not objective but rather subjective, as it is 
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shaped by perceptions (Collins & Hussey, 2009). The operative word in the 
interprivitism approach is “describe”, the aim of the researcher is to describe accurately 
as much as possible, the phenomena within a provided framework. It is concerned with 
understanding the phenomena from the perspective of people who are involved. A 
researcher using this methodology cannot necessarily detach personal perspective from 
the phenomena and should not pretend otherwise (Groenewald, 2004). 
 
Key features of paradigms 
 Positivism Approach Interpretivism Approach 
Basic belief  The world is objective   and 
external 
 Science is value free 
  Observer is independent  
 The world is constructed by 
social  systems 
  Science is driven by human 
interest 
 Observer is an integral part of 
what is being observed 
Researcher 
should 
 Focus on facts 
 Formulate and test hypothesis 
 Find fundamental laws  and 
causalities 
 Focus on meaning 
 Data induction for the purpose 
of idea development  
 Endeavour to comprehend what 
is taking place 
Preferred method 
includes  
 Taking large sample  Small samples investigated in 
depth or over long periods of 
time 
 
Table 1.1: Key features of positivism and Interpretivism research approaches.  
Source:  (Mangan et al., 2004) 
 
The two main paradigms apply the approaches as shown on table 1.3 below. 
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Positivism Interpretivism 
Quantitative Qualitative 
Objective Subjective 
Scientific Humanist 
Traditionalist Phenomenological 
 
Table 1.2: Approaches within two main paradigms 
Source: (Collins & Hussey, 2009) 
1.6.2 Paradigm Choice 
 
The approach that was used is mainly qualitative paradigm. This is motivated by the 
researcher‟s underlying passion for the subject, which has been developed and 
nourished by experience gained from various manufacturing industries in South Africa 
and in Germany, grounded by literature studying and application. As stated by 
(Groenewald, 2004) a qualitative researcher cannot detach his own presuppositions 
from the phenomena being investigated. The researcher does not believe it is different 
with his investigation. There was, however, an extensive amount of information that 
followed a scientific approach in reaching the study conclusion. 
  
1.6.3 Research Sampling Design 
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The target population for the research is  management in five manufacturing industries 
within the Eastern Cape and the target sample was; 1) engineering managers, 2) 
maintenance managers, 3) financial managers, 4) production managers and 5) human 
resources managers. The sampling frame was   engineering manager, production 
manager, financial manager, human resource manager within selected manufacturing 
sites. The non probability and convenient sampling methods was used with a target 
sample size of 20 managers in the selected five manufacturing sites. 
 
1.6.4 Literature study 
 
A literature review was done in order to assist with the understanding of the concept of 
physical asset management associated with manufacturing industries across the globe. 
The literature study used both primary and secondary sources. 
1.6.5 Empirical study 
 
Data collection was in the form of a questionnaire with a five point Likert scale anchor 
ranging from strongly agree to strongly disagree as per Appendix A. The questionnaire 
was handed to key role players in each of the selected sites. 
 
1.7 DEFINITION OF KEY CONCEPTS 
1.7.1 Terotechnology 
 
This is an approach that combines the management; finances in the form of net present 
values (NPV), internal rate of returns (IRR) and discounted cash flows in order to 
minimise future asset costs, engineering, applied science and experience gained in the 
operation of the asset, in order to achieve optimal operational cost for assets during 
their life cycle (Avdic & Demirovic, 2009). 
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1.7.2 Reliability centered maintenance (RCM)  
 
A process used to determine the most optimal and appropriate maintenance activities 
for physical assets in order for them to continue to perform their intended functions 
(Gabbar et al., 2003 ).  
 
1.7.3 Life cycle asset management (LCAM) 
 
This is described as a practical approach to identify, quantify and prioritise deferred 
maintenance of physical assets and to develop a holistic plan to deal with the deferred 
maintenance based on the available funding model (Sawers, 2000). 
1.7.4 Life cycle costing (LCC) 
 
A method used to determine cost associated with engineering, maintenance and wages 
associated with operating the asset including de-commissioning and disposal cost 
(Czaplicki, 2008). 
 
1.7.5 Total productive maintenance (TPM) 
 
A maintenance management philosophy developed in Japan in order to facilitate the 
implementation of just in time (JIT), support the use of advanced technology and 
improve product quality (Swanson*, 2001). TPM focuses on the elimination of six major 
losses, which includes equipment set up time, equipment breakdowns, minor stoppages 
and idling time, speed reduction, defects in processes and reduced production yields.   
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1.7.6 Analytical Hierarchy Process (AHP)  
 
Criteria based process to allow maintenance function to be more effective in performing 
their functions as compared to only being efficient. It also allows a systematically 
focused approach in the determination of preventative maintenance schedules, which 
will also ensure effectiveness not just efficient execution (Labieb et al., 1998). 
 
1.7.7 Opportunistic maintenance 
 
Involve changing of parts that are nearing their soft life 1 when the overall system is 
down for whatever reason in order to improve the overall system reliability (Saranga, 
2004). 
 
 
 
 
 
 
 
 
 
 
                                              
1
 Soft life is the age at which a component is rejected when a part containing these components is recovered.  
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1.8      OUTLINE OF THE STUDY  
 
The study will include chapters as outline below.                                   
1. Chapter 1:  SCOPE OF STUDY 
 
2. Chapter 2:  LITERATURE STUDY: Focus on identified key variables 
 
3. Chapter 3:  RESEARCH METHODOLOGY 
 
4. Chapter 4:  ANALYSIS AND INTERPRETATION OF THE RESEARCH 
 
     RESULTS 
 
5. Chapter 5:  CONCLUSION AND RECOMMENDATIONS 
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CHAPTER TWO 
2 LITERATURE STUDY 
2.1 INTRODUCTION 
2.1.1 Overview of key variables  
2.1.1.1 Determining the key variables 
 
The framework used for key physical asset management variables was determined 
following a Question and Answer session with a group of professionals comprising of 
project engineer, maintenance engineer, controls engineer, logistic engineer and 
personnel manager and a system engineer of an organisation.  
Questions asked were:   
1. Who holds physical assets together and keeps them going for a prolonged period? 
2. What is a cost effective physical asset? 
 
The answers to the questions posed are summarized below. 
Project Engineer  
1. Project Engineers, through proper project execution, design, installation and 
commissioning of various assets components. 
2. High operational efficiency for allocated capital cost. 
 
Controls Engineer 
1. Controls Engineers, through appropriate instrumentation and networking controls 
to ensure safety and reliability. 
2. Optimal plant loading to minimise waste. 
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Maintenance Engineer 
1. Maintenance personnel with application of appropriate maintenance approaches, 
philosophy and tactics. 
2. High asset reliability supported by excellent maintenance to keep down time to 
an absolute minimum. 
 
Logistic Engineer 
1. Logistics Personnel, through provision for energy, consumables and spare parts. 
2. Adequate provisioning to reduce risk of stock outs. 
 
Personnel Manager 
1. Personnel officers by ensuring availability and retention of appropriate skills. 
2. Training standards, “on the job” training to maximize human capital potential, job 
rotation and knowledge management. 
 
Systems Engineer 
2. Asset management teams, through manpower and human resource strategies, 
project execution methodologies and efficient utilisation of given capital and 
adherence to established financial control methods, appropriate maintenance 
approaches, strategies, tools and equipment , effective provision  for energy and 
spare parts, are all key interdependent variables that are required for reliability of 
physical assets during the entire life cycle.  
3. The true cost of physical assets is its entire life cost, which include the cost of  
capital to design and produce assets of a certain performance standard, all 
operating cost from commissioning to retirement, cost of penalties coming from 
the non delivery due to assets shutdown or unreliability, marketing and field cost 
as well as cost of insurance for risk mitigation and hazards. 
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The system engineer has used systems engineering approach, a well researched 
approach which originated in the 1950‟s in the electronics, communication and military 
fields. This approach was an endeavour to move away from a conventional 
compartmentalised engineering and management method of coordinating projects. The 
complex nature of projects on electronics, communication and military systems required 
a three horizon view in order to get an optimal whole life management of physical 
assets. The system engineer‟s answer has taken this whole life management approach 
making mention of the some of the key factors of Man-machine systems. The Man-
machine factors are a critical consideration in the early development of a good 
engineering system (M'Pherson, 1980). 
2.1.1.2 Selecting the key factors 
 
The author has selected six factors out of the forty four factors identified by M‟Pherson 
based on the simple five M‟s problem solving approach (manpower, methods, material, 
machine and money), linking these variables to functional areas within the 
manufacturing environment taking the three horizon view and an integrated engineering 
management for physical assets into consideration (Koronios et al., 2007). 
 Methods     -  Projects implementation 
 Manpower -  Skills and labour retention 
Knowledge management 
 Machine     -  Maintenance strategies 
 Money       -  Financial asset registers 
 Material    –  Assets spare parts 
The framework is represented in a radial Venn on figure 2.1 below adopted as a 
research framework and termed key physical assets management variables (KPAMV) 
below. 
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Figure 2.1: Key Physical Assets Management Variables (KPAMV)   
Source: adapted from (Koronios et al., 2007) and (IIMM, 2011) (M'Pherson, 1980) 
 
KPAMV‟s are a way to respond to the diverse requirements for effective and well co-
ordinated efforts to sustainably deliver shareholder value by manufacturing 
organisations using very complex processes and systems; and to avert business risk.  
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2.2 KEY PHYSICAL ASSET MANAGEMENT VARIABLES (KPAMV) 
2.2.1 Projects planning and implementation 
 
 
2.2.1.1 Introduction 
 
In the past, organisations have attempted to deal with exogenous variables by 
embarking on cost reduction exercises. Usually such programs lead to early 
retirements, layoffs and reduction of personnel through attrition. Vacant positions are 
not filled and senior management pressures line management to achieve the same 
results with fewer resources, either by improving efficiencies or by upgrading the 
performance requirements to a higher position of the learning curve. The inflationary 
nature of personnel costs as compared to the cost of equipment or facilities, makes 
businesses more willing to fund capital projects as an attempt to increase productivity 
and reduce labour (Kerzner, 1995). 
Although there is a willingness to invest in capital projects, corporate governance does 
not allow unstructured spending of shareholder‟s money without providing proper 
business case detailing 1) why such capital investments are necessary and 2) how such 
capital expenditure is going to give rise to economic value add (EVA) and realisation of  
return on investment (ROI) . These requirements have resulted in a turning point in 
project management during the last two decades. Organisation manages projects on a 
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more informal way with less paper work by relying of checklists and colour coded phase 
review methodologies. The informal project management approach has put forward the 
criticality of project execution methods and thorough understanding of life cycle phases 
(Labuschagne & Brent, 2005).  
The short term view of buying assets simply with lower initial acquisition cost has been 
thrown out of the window by many organisations and has been replaced with a long 
term view, where planning and monitoring of assets happen through the entire life cycle, 
from development/procurement stages through to eventual disposal. This phenomenon 
is termed Life Cycle Costing (LCC). It is concerned with optimizing value for money in 
the ownership of physical assets by taking into consideration all the cost factors relating 
to the assets during its entire operational life (Woodward, 1997). This can be seen in the 
way in which organisations approach project execution.  
 
2.2.1.2 Approaches to Project Execution 
 
There exist various project execution approaches in various industries. Approaches are 
distinguished by the number of phases. The combined project phases are termed a 
project life cycle. Some projects life cycles have four phases whilst others have up to 
nine phases. The phases allow managers to define and measure key deliverable at a 
specific point of the project life cycle. The phases are also used for resource allocation 
as can be seen in Figure 2.2 below showing a generic project life cycle.  
.  
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Figure 2.2: Generic project life cycle  
Source: adapted from (PMBOK® Guide, 2000) 
 
The graph shows that, resources are at a minimum in the beginning of the project life cycle and 
they then increase as the project evolves and then decreases again towards the end of the 
project: while the ability for stakeholders to influence the project is high at the beginning 
of the project and decreases as the project matures. 
Even though various project life cycles have common names and similar deliverables 
very few are identical, there is still lack of clarity and agreement amongst industries or 
even companies within the same industry sector regarding life cycles phases of a 
project (Kerzner, 1995).  
Some examples of project approaches followed in various industries are:  
 Defence Equipment acquisition approach with four phases as per figure 2.3 
below. 
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Figure 2.3: Defence acquisition model  
Source: adapted from (PMBOK® Guide, 2000) 
 
1. Concept and technology development - Desk assessment of various alternatives 
for meeting of requirements, Components and technology development for the 
new system 
2. System development and demonstration – System integration, risk assessment 
and reduction, demonstration of engineering prototype models 
3. Production and development - Development of production capability 
4. Support- On going operations 
 
 New Pharmaceutical Product development projects life cycles in the United 
States of America follows the approach as per figure 2.4 below. 
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Figure 2.4: Pharmaceutical Products introduction  
Source: adapted from (PMBOK® Guide, 2000) 
 
1. Discovery and screening – Basic and applied research in order to identify 
candidate for preclinical testing. 
2. Preclinical developments - Animal and laboratory testing for safety and efficacy 
and preparation for filing for investigational new drug. 
3. Work up for registration - New drug application including clinical tests phase I, 
phase II and phase III. 
4. Post submission activities - Additional work as required by regulatory authority.  
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 Software development approaches follow a Spiral model as per figure 2.5 below.
 
Figure 2.5: Software development and enhancement 
Source: (Boehm, 1988) 
 
The Spiral model came about with iterations of the waterfall project life cycle model 
(Boehm, 1988). The model is used when the best idea for the problem is unclear at the 
beginning. The idea is then to create prototypes of solutions and perform functional test 
within operational environment and resolve performance deficiencies. The model does 
not however separate development and enhancement. It also caters for both low risk 
and high risk development. 
 Construction industry model shown on figure 2.6 below is one of the oldest 
models. This model goes through four stages prior to start of operations. 
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Figure 2.6: Construction Projects life cycle  
Source: Adapted from (PMBOK® Guide, 2000) 
 
The existence of such wider variety of approaches has resulted in the adaptation of 
Theoretical Systems life cycles phases to be used for the analysis of project life cycles  
(Steyn et al., 2011). Following Steyn‟s accession on the use of a system life cycle, the 
model in figure 2.7 below will be used as the basis to represent project life cycle for 
physical assets in manufacturing. 
 
2.2.1.3 Systems / Project Life cycle 
 
A system life cycle is composed of five phases namely: 1) Conceptual phase, 2) 
Definition, 3) Production, 4) Operational and 5) Divestment.  
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Figure 2.7: System life cycle (A) and Asset life cycle (B) 
 
2.2.1.3.1 Conceptual phase 
 
This phase is in most cases vibrant, full of dynamics and creative spirit is often at its 
peak. In this period the ability to influence systems appearance, performance and 
overall cost is greater than the other succeeding phases. Figure 2.8 shows a typical 
Cost influence ability over various project life cycle phases. This is the period where 
designers can add more value to the projects, yet it is often the period characterized by 
poor organisation, due to new teams coming together with uncertainties regarding the 
viability of the project (Macmillian et al., 2002). 
B 
A 
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Figure 2.8: Ability to influence cost  
Source: adapted from (Abdul-Kadir & Price, 1995) 
 
2.2.1.3.2 Definition phase 
 
In this phase the proposed solution to exploit the potential constraint or opportunity is 
developed and refined. A project manager is assigned and all stakeholders and their 
appropriate goal and involvement are documented and communicated. A project 
sponsor, who is normally an executive, signs-off the project definition, containing a 
common understanding and goals of the project. This is done as a way to give a final 
commitment to the success of the project (Verzuh, 2003).It is also in this phase where a 
thorough risk assessment is done and plans to mitigate the risk are firmed up. The risk 
assessment covers not only the political, economical, social, technological, legal and 
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environmental (PESTLE) elements but also the four critical success factors as proposed 
by (Belass & Icmeli Tukel, 1996). These factors are 1) factors related to the project, 2) 
factors related to project manager and the team, 3) factors related the organisation and 
4) factors related to the external environment.   
It is also in the definition phase that the lessons learned from previous designs are 
assimilated as design and design standards have a greater impact on the construction 
and operating characteristics of the system. Physical assets maintenance personnel 
with experience of current or past assets implementation projects are consulted to get 
input of the critical factors of maintainability and reliability, as they have greater 
influence on a project‟s operating characteristics (Dinsmore & Cabanis-Brewin, 2006). 
Other activities in this phase include: 
 Validation and confirmation of resource requirements, preparation of final 
systems performance requirements. 
 Identification and initial preparation of documentation required to support the 
system. E.g. standard operating instructions (SOP‟s), work instruction (WI), 
policies, job descriptions, operating budgets and funding papers. Figure 2.9 
below shows a projection of project cost and operational costs. 
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Figure  2.9: Projections of systems implementations costs and operational costs 
Source: Adapted from (Kerzner, 1995) 
 
3.2.1.1.1 Production Phase 
 
This phase is also often referred to as the control phase, likened to having a vehicle in 
motion where the driver of the vehicle (project manager) monitors, adjusts speed and 
steers the vehicle in the correct direction managing all obstacles and avoiding collisions. 
This phase has three parts to it 1) controlling, 2) validation/testing and 3) close out 
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2.2.1.3.2.1 Controlling 
 
This is the main purpose in the production phase in which the steering of the entire 
project is done. The following is being done in this phase: 
 This information is then passed on to the end user for further use. The collected 
system and equipment documentation gives factual information regarding 
systems hierarchy; materials, spare parts, lubricants and fluids including required 
testing equipment. This factual information is used for development of 
maintenance procedures and maintenance service instructions. This information 
is then entered into some form of database (Zhou et al., 2002). See figure 2.10 
for the summary of the process for the development of maintenance 
documentation for use during the utilisation phase. 
 
Figure  2.10: Typical information flow for production of system maintenance documentation  
Source: (Zhou et al., 2002) 
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2.2.1.3.2.2 Validation/Testing 
 
This area takes care of the quality assurance part of the project, i.e.: 
 Verification of systems production specification. 
 Final preparation and dissemination of policies and procedural documents. 
 System performance qualification testing done to determine adequacy of the 
system to perform the intended purpose. 
2.2.1.3.2.3 Handover /Closeout 
 
Critical to this sub-phase is customer satisfaction and the readiness of operational 
personnel to be able to take over from the project team. Another significant goal here is 
to capture lessons learned during the entire life cycle thus far to hand over to the 
sponsor. Additional to this is signoff of the final product to the operational team.  
2.2.1.3.3  Operational phase 
 
 Use of the system result by intended customer. 
 Integration of the project‟s product or service into existing organizational system.  
 Evaluation of technical, social and economic sufficiency of the project to meet 
actual operational conditions. 
 Provisions of feedback to organizational planners concerned with developing new 
projects and systems and evaluation of support system adequacy. 
 
2.2.1.3.4  Divestment phase 
 
In this phase the system is phased out, removed from operational records and sold off 
or scrapped.  
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2.2.1.3.5 Conclusion 
 
The success of project implementation approach is measured by the value add over the 
entire life cycle of the system or asset.The interfaces of  product lifecycle and system 
and asset life cycles and  associated costs over various period  are critical to  the 
success of the projects. 
 
 
2.2.2 Financial Assets Register 
 
 
2.2.2.1 Introduction 
 
Most organisations possess or at least use hundreds if not thousands of physical 
assets. These assets come in various sizes and shapes; and are used in multitudes of 
functions. They range from laptop computers to steel rolling mills, aircraft carriers to 
warehouses. They could cost from as little as few hundred rand or euro‟s to millions of 
rand or euro‟s. The assets may be concentrated in one site or spread over thousands of 
kilometres in various countries on different continents. Some of these assets could be 
mobile and others may be fixed assets. Organisations are expected to have clear record 
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of what assets they own and where these assets are located. This means that a 
comprehensive list of plant, equipment and buildings owned or used by the organisation 
and requires maintenance of any sort must be prepared and maintained. This list of 
assets is called an asset register 2 (Moubray, 1997). 
A documented assets register is one single step to the attainment of both operational 
and strategic management of physical assets (Byrne, 1994). Asset registers are used in 
organisations for both engineering maintenance and financial management reasons. It 
is for this reason that the engineering maintenance function will have a different asset 
register to that of the financial management functions, however asset registers should 
be linked by the common assets within them (Hastings, 2010). 
 
2.2.2.2 Engineering asset register 
 
The taxonomy  used on assets  for engineering maintenance purpose ranges from a 
simple numerical coding system with few digit coding to complex intelligent alpha 
numeric coding systems used in nuclear power facilities and motor manufacturing 
facilities. However  asset register information  must contains as a minimum the following 
information: 1) asset location, 2) type of assets, 3) date of manufacture, 4) serial 
number, 5) make/model, 6) supplier name/address,7) other technical specification i.e. 
weight, size and power ratings, 8) date of purchase, 9) useful life and 10) service date, 
etc.  
Engineering assets registers are required in order to amongst others confirm original 
specification, confirm spares and lubrication requirements, confirm operational limits  
and tolerances as recommended by the original equipment manufacturer (OEM), 
generation of maintenance report for budgeting purpose and root cause analysis  
(Hastings, 2010). The information in the Asset register can also be used as an internal 
driver for the assets renewal program trigger; as an example, the assets condition could 
                                              
2
 Documented list of assets procured and used within an organisation, organisations use assets value as a determining factor for entering assets in 
the register. 
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reveal that the design life of the assets will not be reached thereby making it necessary 
for the organisation to considered capital investment on new replacement assets  
(Haffejee & Brent, 2008). An asset age profile as per figure 2.11 below could be 
extracted from the asset register in order to get a long term view and risk management 
(BVSC, 2011).  
 
Figure 2.11: Asset Age Profile extracted from asset register 
Source: (BVSC, 2011) 
Typical asset register headings for engineering maintenance use are as per figure 2.12 
below. Some information comes from the OEM name plates affixed on the equipment 
by the OEM, See figure 2.13 below, some maintenance requirements as stipulated by 
OEM manuals and other information detailing particular maintenance organisation 
strategy and statutory requirements.  
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Figure.2.12: Typical asset register 
Source: (Hastings, 2010) (Other, 1999) 
The functional location column of the asset register gives information related to location in the 
facility as per the protocol as per Table 2.1 below. 
 
Figure 2.13: Assets name plate from OEM 
Source: My asset tag (Brewster, n.d.) 
FUNCT 
LOCATION
FUNCT LOCATION DESCRIPTION
SAP 
Number
EQUIPMENT 
DESCRIPTION
DB Load Test MAINT ITEM NO. PM NO.
PM System 
status
PM DESCRIPTION AREA
PROD/WKN
D
TRADE TIME GROUP G/CNT DOC. BOM Spares PM REV STR
NO. PM'S 
P/YEAR
COST OF PM 
EXECUTION 
P/YEAR
PM TIME
F11 -01-01 Oil Room Area 5005782
Oil Room Distribution 
Board
N/A N/A 1291 1291 CRTD A/W/E30 Electrical Control Panel A W E 30 SERVPC 58 84 Day X X X X X 4 R 159.69 0.50
F11 -01-01-01-02
Bulk Tank (Automatic Transmision 
Fluid)
P14093007
Bulk Tank (Automatic 
Transmision Fluid)
N/A N/A 1307 1307 CRTD A/W/M30 Service Bulk Tank P14093007 A W M 30 SERVPC C8 84 Day X X X X X 4 R 159.69 0.50
F11 -01-01-01-02
Bulk Tank (Automatic Transmision 
Fluid)
P14093007
Bulk Tank (Automatic 
Transmision Fluid)
N/A N/A 7831 1307 CRTD A/W/E30 Service Bulk Tank P14093007 A W E 30 SERVPC C9 84 Day X X X X X 4 R 159.69 0.50
F11 -01-01-01-03 Bulk Tank (Gearbox Oil) P14093003 Bulk Tank (Gearbox Oil) N/A N/A 1299 1299 CRTD A/W/M30 Service Bulk Tank P14093003 A W M 30 SERVPC C8 84 Day X X X X X 4 R 159.69 0.50
F11 -01-01-01-03 Bulk Tank (Gearbox Oil) P14093003 Bulk Tank (Gearbox Oil) N/A N/A 7827 1299 CRTD A/W/E30 Service Bulk Tank P14093003 A W E 30 SERVPC C9 84 Day X X X X X 4 R 159.69 0.50
F11 -01-01-01-04 Bulk Tank (Power Steering Fluid) P14093006
Bulk Tank (Power 
Steering Fluid)
N/A N/A 1305 1305 CRTD A/W/M30 Service Bulk Tank P14093006 A W M 30 SERVPC C8 84 Day X X X X X 4 R 159.69 0.50
F11 -01-01-01-04 Bulk Tank (Power Steering Fluid) P14093006
Bulk Tank (Power 
Steering Fluid)
N/A N/A 7830 1305 CRTD A/W/E30 Service Bulk Tank P14093006 A W E 30 SERVPC C9 84 Day X X X X X 4 R 159.69 0.50
F11 -01-01-01-05 Bulk Tank (Anti Freeze) P14093005 Bulk Tank (Anti Freeze) N/A N/A 1303 1303 CRTD A/W/M30 Service Bulk Tank P14093005 A W M 30 SERVPC C8 84 Day X X X X X 4 R 159.69 0.50
F11 -01-01-01-05 Bulk Tank (Anti Freeze) P14093005 Bulk Tank (Anti Freeze) N/A N/A 7829 1303 CRTD A/W/E30 Service Bulk Tank P14093005 A W E 30 SERVPC C9 84 Day X X X X X 4 R 159.69 0.50
F11 -01-01-01-06 Bulk Tank (Windscreen Washer ) 5005790
Bulk Tank (Windscreen 
Washer )
N/A N/A 1438 1438 CRTD A/W/M30 Service Bulk Tank 5005790 A W M 30 SERVPC C8 84 Day X X X X X 4 R 159.69 0.50
F11 -01-01-01-06 Bulk Tank (Windscreen Washer ) 5005791
Windscreen Washer 
Mixing Tank 1
N/A N/A 1462 1462 CRTD A/W/M30 Service Bulk Tank 5005791 A W M 30 SERVPC C8 84 Day X X X X X 4 R 159.69 0.50
F11 -01-01-01-06 Bulk Tank (Windscreen Washer ) 5005791
Windscreen Washer 
Mixing Tank 1
N/A N/A 7826 1462 CRTD A/W/E30 Service Bulk Tank 5005791 A W E 30 SERVPC C9 84 Day X X X X X 4 R 159.69 0.50
F11 -01-01-01-06 Bulk Tank (Windscreen Washer ) 5005792
Windscreen Washer 
Mixing Tank 2
N/A N/A 1301 1301 CRTD A/W/M30 Service Bulk Tank 5005792 A W M 30 SERVPC C8 84 Day X X X X X 4 R 159.69 0.50
F11 -01-01-01-06 Bulk Tank (Windscreen Washer ) 5005792
Windscreen Washer 
Mixing Tank 2
N/A N/A 7828 1301 CRTD A/W/E30 Service Bulk Tank 5005792 A W E 30 SERVPC C9 84 Day X X X X X 4 R 159.69 0.50
F11 -02-01 Line Preparation Centre 5005866 Jib Arm Hoist Y N 1107 1107 CRTD T/P/M30 Legal Hoist EWS P M 30 LEGALPC 5 84 Day X X X 31-Jul-03 X 4 R 159.69 0.50
F11 -02-01 Line Preparation Centre 5005866 Jib Arm Hoist N/A N/A 8062 1107 CRTD T/P/ME30 Service Hoist EWS P E 30 SERVPC 29 84 Day X X X X X 4 R 159.69 0.50
F11 -02-01 Line Preparation Centre 5005867 Hoist Attachment N/A N/A CRTD X X X X X X X X X X X X X X X X
F11 -03 Maintenance Workshops F11 X X Y N/A 1459 1459 CRTD WS/P/E60 Legal Portable Tools F11 -03 EWS P E 60 LEGALPC 14 84 Day X X X X X 4 R 319.38 1.00
F11 -03 Maintenance Workshops F11 X X Y N/A 1460 1460 CRTD WS/P/E30 Legal Safety Harness F11 -03 EWS P E 30 LEGALPC 16 84 Day X X X X X 4 R 159.69 0.50
F11 -03-01 Electrical Maintenance Workshop X X Y N/A 1280 1280 CRTD WS/P/E60 Legal VACUUM CLEANERS EWS P E 60 LEGALPC 53 84 Day X X X X X 4 R 319.38 1.00
F11 -03-01 Electrical Maintenance Workshop X X Y N/A 1447 1447 CRTD WS/P/E120 Legal Hand Tools A Shift EWS P E 120 LEGALPC 12 84 Day X X X 14-Jun-05 X 4 R 638.75 2.00
F11 -03-01 Electrical Maintenance Workshop X X Y N/A 7982 1447 CRTD WS/P/E120 Legal Hand Tools B Shift EWS P E 120 LEGALPC 12 84 Day X X 14-Jun-05 X 4 R 638.75 2.00
F11 -03-01 Electrical Maintenance Workshop 5004175 Grinding Machine Y N/A 1441 1441 CRTD WS/P/M30 Grinding Machine 5004175 EWS P M 30 LEGALPC 21 84 Day X X X X X 4 R 159.69 0.50
F11 -03-01 Electrical Maintenance Workshop P19042001 Buffing Machine Y N/A 1444 1444 CRTD WS/P/M30 Buffing Machine P19042001 EWS P M 30 LEGALPC 58 84 Day X X X X X 4 R 159.69 0.50
F11 -03-01 Electrical Maintenance Workshop 5004791 Six Foot wooden Ladder Y N/A 1456 1456 CRTD WS/P/E60 Legal Step Ladders EWS P E 60 LEGALPC 7 84 Day X X X X X 4 R 319.38 1.00
FRQ
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Table 2.1: Functional location definition 
Source: (Other, 1999) 
 
2.2.2.3 Financial asset register 
 
The financial management acts requires businesses to have internal control in 
managing physical assets. The adaptation of international financial reporting standards 
(IFRS) by a number of countries including South Africa which, formerly adopted it in 
January 2005, has made it compulsory for organisations to adhere fully to the 
requirements of international accounting standards (IAS 16). The objective of IAS 16 is 
to prescribe accounting treatment of property, plant and equipment so that users of 
financial statements can understand information about the organisations‟ investment on 
property, plant and equipment and the changes to such investments (IASB, 2007).  
IAS 16 prescribes the principles that property, plant and equipment held for product ion 
purpose are identified, recognized, measured, depreciated, and how lifecycle costs are 
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be handle. These principles are applicable to municipal assets through general 
recognized accounting practices (GRAP 17) and the local government capital assets 
management guidelines issued by the National Treasury in 2008. 
Appraisers, when doing a detailed study and verification of physical assets, find that 15 
percent or more of the assets that are on the books of businesses cannot be fully 
accounted for (King, 2005). This could be due to the following facts: 1) engineering 
maintenance personnel has become so good in remodelling and refurbishing of old 
equipment and using expense budget that when they are finished the old asset does not 
look the same 2) equipment has been traded in for new equipment or 3) Some 
equipment has been scrapped. 
Often it is found that there are additional assets that are not on the assets register which 
are brought or bought with expense budget. This method of buying assets comes as a 
result of strict capital expenditure policies e.g. dividing a purchase of asset worth ten 
thousand rand in five purchase orders of two thousand rand each. This will see these 
assets not be deem as capital expenditure if the minimum capital expenditure value is 
set at two thousand five hundred rand (King, 2005). 
 
2.2.2.4 Measurements out of assets registers 
 
A combination of the information in the asset register used for engineering purposes 
and that used for financial purposes can be used to derive primary asset measurement 
that can facilitate optimal use of assets. This can be achieved by charting assets 
performance over a time period using a technique allowing for the integration of four 
parameters: Condition, Utilisation, Value, and Cost (APCC, 2001). Collected information 
tabulated as per table 2. 2. below. 
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Assets X Cost  Utilisation Condition Value 
 
Annual budget Capacity 
Possible Condition 
( Based on Equipment 
Value usage curve) Replacement Cost 
 
 R           78,000.00  200units/min 5  R        167,000.00  
 
100% 100% 100% 100% 
 
Actual Expenditure Actual Utilisation Actual Condition Depreciated Cost 
 
 R           65,000.00  140units/min 3  R        105,000.00  
 
83% 70% 60% 63% 
      
Table 2.2: Assets evaluation data from asset registers  
Source: (APCC, 2001) 
Where: 
 Asset condition and sustainability – Possible condition versus actual condition 
which should be done as part of the assets verification process and budgetary 
cycles; this will give assurance that assets are still good for their purpose. 
  Asset utilisation - Data pertaining to the use of an asset in comparison to the 
design capacity. This will allow for a clear understating of potential constraints. 
 Asset value - Replacement cost versus depreciation cost corresponding to 
service delivery or value added over a period.  
 Asset cost - Relationship between operating cost and maintaining the asset, 
budgets and total cost and/or price of service being delivered. 
 
Figure 2.14 below show a graphical representation of the data from table 2. 2. above to 
facilitate better analysis, comprehension and decision making. 
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Figure 2.14: Evaluation of assets using information within assets registers 
Source: adapted from (APCC, 2001) 
 
 
2.2.2.5 Conclusion 
 
The financial asset register is a key component in ensuring good corporate governance 
and is a critical source of information for short and long range planning within the 
manufacturing industry. 
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2.2.3 Maintenance Strategies 
   
 
2.2.3.1 Introduction 
 
In order to keep physical assets in a state that will ensure return on investment (ROI) for 
shareholders, adhere to statutory and regulatory requirements; maintenance strategies 
have to be devised. Maintenance strategies and concepts applied by organisations 
have a direct impact on the performance of physical assets especially on the medium 
and long term horizon (Grencik & Legat, 2007). Maintenance is defined as all actions 
necessary for retaining the assets as near as possible to its original condition in order to 
ensure that it continues to deliver value (IIMM, 2011). As shown in figure 2.15, 
maintenance activities are done to ensure that the useful life is kept as close as 
possible to the 100 percent mark. 
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Figure 2.15: Assets useful life utilisation 
Source (Alcalde Rasch, 2000)       
 
  
 Figure 2.16: Classification of Maintenance activities 
Source: (Alcalde Rasch, 2000) 
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Maintenance activities done by maintenance functions to ensure the sustainability of 
ideal conditions and delivery of value can be classified into three categories namely: 1) 
inspection, 2) repairs and refurbishment and 3) service. (See figure 2.17 above) 
 
Figure 2.17: Maintenance development over the years 
Source: (Moubray, 1997) 
 
2.2.3.2 Maintenance organisation Purpose 
 
Over the years the maintenance expectation has risen, in line with industrializations and 
automation. Figure 2.17 shows the growth of maintenance expectations over the past 
decades. The simple view of maintenance as depicted in figure 2.16 and mission 
statements that included “quick reaction time in fixing breakdowns or reducing downtime 
and improving cost control” became irrelevant in the 1990‟s and has since been 
replaced by strategies and tactical approaches in line with the new corporate order.  
Old mission statements are being aligned with core corporate philosophies of being 
lean, mean, fast and in your face competitor. Typical new mission statements 
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“To provide excellent support for customers by reducing and eventually eliminating the 
need for maintenance service” (Levitt, 1996). 
“Improve product quality, boost productivity through the improvement of capacity, faster 
more dependable throughput, reduce inventory and lowering operating cost”(Khan & 
Darrab, 2010) 
 “Support customer to achieve their set objectives without compromising safety and 
regulatory requirements and work tirelessly to reduce the need for maintenance” (Other, 
1999) 
“To maximise business profit and offer competitive advantage” (Cholasuke & Bhardwa, 
2004). 
While it is agreed that all the above purpose statements do make sense, they however 
do not explicitly express the intension as contained in “the theory of the Firm”   which 
states that in its simplest form the primary goal of the Firm is to maximise profit 
(Hirschey, 2009). Therefore, the purpose statement as proposed by (Cholasuke & 
Bhardwa, 2004) makes much sense, not only because it is short but also because it 
agrees with the reasons for the existence of enterprises. Figure 2.18 indicates how 
maintenance can be used to achieve the primary goal of the enterprise in line with the 
theory of the Firm. 
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Figure 2.18: Maintenance contribution to profit maximization 
Source: (Cholasuke & Bhardwa, 2004) 
Direct maintenance cost as shown on figure 2.18 above, are easily measureable and 
most organisations only look at this as a the contributor to the bottom line. Indirect 
Maintenance costs are the non obvious costs which are hidden, as shown on figure 2. 
19 below. These are costs related to the reduced speed, due to components fatigue or 
unplanned stoppages which have a direct impact on the on-time delivery of products 
and could easily result in revenue loss.  
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Figure 2.19: Maintenance cost 
Source: (Drozyner & Mikolajczak, 2007) 
 
To support the purpose statements and to ensure ROI of the highly complex systems 
and large physical assets base in manufacturing organisation appropriate maintenance 
strategies must be applied (Saranga, 2004). However to choose the best strategy, 
leadership must recognize different patterns which include accepting current 
weaknesses and strengths of the technology. Technology defined by 
(HajShirmohammadi & Wedley, 2004 ) as being made out of four components human 
ware (H), techno ware (T), organo ware (O), and info ware (I).  
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2.2.3.3 Components of maintenance management 
 
Figure 2.20: Technology components in maintenance strategy consideration 
 
2.2.3.3.1 Organoware 
 
It is agreed that for any organisation strategy to work it must have the support of the 
organisation‟s leadership management. The lack of synergy between a manufacturing 
organisation„s corporate strategy and the assets maintenance policy leads to the poor 
maintenance performance with direct impact on the profits. The effectiveness of the 
maintenance function relies heavily on the three organizational levels as depicted on 
figure 2.21 below (Mora, 2012). 
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Figure 2.21: Maintenance Organisation level  
Source: adapted from (Mora, 2012) 
 
2.2.3.3.1.1 Level 1:  Organisation organizational structures 
 
This level talks to how maintenance organisation is structured to achieve the purpose 
statement. The raging question of central or decentralized maintenance organisation 
(See figure 2.22 below) has been going for a period of time. There is however, 
agreement amongst maintenance guru‟s that there is no right or wrong maintenance 
organisational structure; it is solemnly dependent on the organisation‟s needs and 
maturity. It has, however, been noted that the increased level of automation of 
manufacturing processes have pushed towards the need for specialized know-how. The 
faster acquisition of know-how makes a decentralized structure preferable.  
On the other hand the speedy response time, communication and specialisation in sub-
systems makes the move to decentralisation appealing to others, which is often taken 
with sacrifice 1) quality of data management, 2) standardised maintenance procedures 
and equipment and 3) effective management of maintenance inventory spare parts that 
results from the  elimination of various satellite stores (Cholasuke & Bhardwa, 2004). 
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Figure 2.22: Centralisation and decentralisation organisations 
Source: (HajShirmohammadi & Wedley, 2004 ) 
 
A semi-centralised structure is preferred by many manufacturing concerns as it gives 
benefits of both. The degree of semi-centralization can be at any point on the grey area 
on figure 2.23 below which will then be supported by the structures as shown on figure 
2.24 below. The analytical hierarchy process (AHP) has been suggested as a tool to 
assist in making a decision on the degree of semi-centralisation, the methodology is 
aiming at taking intuition and gut feel out of the decision making process. 
(HajShirmohammadi & Wedley, 2004 ) 
 
 
 
Figure 2.23: Degree of semi centralisation 
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Figure 2.24: Semi centralised maintenance organisational structure 
Source: (HajShirmohammadi & Wedley, 2004 ) 
 
2.2.3.3.1.2 Level 2:  Process and ways of working 
 
It is imperative that maintenance personnel have well established guidelines of what is 
required of them to ensure the effective and efficient application of their skills and know 
how. Figure 2.25 below, gives a hierarchy of the documentation required. 
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Figure2.25: Maintenance documentation implementation order to support, way of working 
Source: (Bamber et al., 2004) 
 
The policy document must give personnel an overview of the business intent for 
physical assets to support the overall business strategy. Standard Operating 
Procedures (SOP‟s) or Work Instructions (WI) are needed to allow personnel to have a 
quick reference to the”how” on the job. Maintenance plans are developed using RCM 
and AHP approaches to ensure achievement of effectiveness in the maintenance 
organisation. The Non availability or ineffective documentation, be it work procedures or 
maintenance plans, very quickly lead a cycle of despair as shown on figure 2.26 below. 
(Other, 1999). 
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Figure 2.26: Cycle of despair 
Source: (Other, 1999) 
The use of established problem solving methodologies; such as TRIZ, fishbone 
diagrams, 5 why‟s, 8D‟s, Poka-Yokes; for sustainable problem solving has been 
suggested to allow easier documentation of problem resolution steps. Documentation 
out of these activities can be used for lessons learned and shared with the maintenance 
teams as training and knowledge management. In pursuit of “maximisation of 
manufacturing profits” as a maintenance purpose, maintenance personnel need to have 
clear guidelines for problem escalation. This means that an artisan should not spend 
time trying to fault find on his own while there might be specialised skill in the area to 
resolve the problem quicker. Quick escalation also allows for ability to see how available 
labour can be utilized in other areas or in the same area for opportunistic maintenance 
purpose (Saranga, 2004). 
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2.2.3.3.1.3 Level 3:  Job Performer  
 
In order for the maintenance function to succeed in achieving the purpose objective, the 
job performer must have clear key performance targets linked to the overall purpose. 
The interdependencies of these levels are such that any ineffectiveness in one level will 
have a dire impact on the other; for example, not having clearly defined methods of 
working in level two will have a direct impact on the performance of the employee in 
level three leading to the cycle of despair (Zuashkiani et al., 2011). 
 
2.2.3.3.2 Infoware 
 
Research has shown that globalization has made the quality of  intellectual capital a key 
ingredient of a manufacturing organisation‟s core competency. In the same vein it has 
become vitally important that physical assets data collected by the maintenance 
function be accurate and reliable. The speed at which maintenance personnel can 
access this data and convert it to information for decision making is crucial to the value 
add that maintenance can have on the organisation‟s bottom line. 
The maintenance information system is also crucial for maintenance of the key 
performance indicators system which is a link between current states of the 
maintenance function in relation to the set objectives. The information system must 
have the ability to manage the maintenance of inventory and spare parts; and have 
ability to share data with the organisations‟ enterprise resource planning (ERP) system 
for costing of both personnel and material . 
2.2.3.3.3 Techno ware 
 
This involves techniques being used by the maintenance function to ensure 
sustainability and longevity of physical assets. These are proactive techniques to avoid 
having to do repairs reactively. As stated above, it costs on average three times more to 
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do maintenance work in a reactionary mode than in a preventative mode. The 
techniques include the most popular such as RCM, TPM and others which are focused 
on the long term sustainability of the physical assets (Cholasuke & Bhardwa, 2004). 
Techno ware is also concerned with the use and control of maintenance hardware 
which relates to the effective control of spares parts and material, well managed techno 
ware should allow for finding any part within five minutes, 95 percent of the time. 
Pointing out the importance of inventory accuracy and having the right parts in the right 
places at the right time. Further minimization of the poor utilisation of manufacturing 
concerns‟ assets could be achieved in the stock room by improved stock turnover, 
efficient purchasing practices (not relying on OEM for off the shelf items), having an 
established method of stock counting, close monitoring of min-max levels  and reorder 
points, secure access to minimise “scavenging” of parts, and also adopting a spares 
free workshop to minimise “squirreling” (unofficial stocking of parts)  (Mora, 2012). 
 
2.2.3.3.4  Human ware 
 
The fact that people are the most important facet of the maintenance function is well 
researched and it is agreed by many authors that efficient and effective maintenance of 
human resource management is key to the success of any asset maintenance program 
(Cholasuke & Bhardwa, 2004). Variables that lead to the success of the maintenance 
human resources include amongst others; job enrichment, training and development of 
specialised skills required for manufacturing systems processes. This must be done as part 
of the ongoing process of satisfying the simplified formula by Dave Ulrich (Ulrich, 2007) 
Talent = Competence * Commitments* Contribution  
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2.2.4 Spare parts management 
 
 
2.2.4.1 Introduction 
 
One of the criteria used for decision making in the selection of physical assets for 
manufacturing during the procurements phase is the product support3. Product support 
for physical assets include installation, maintenance, repairs and service, spare parts 
availability as well as operating and user guide documentation. The product support is 
offered by OEM‟s in order to ensure a trouble free product throughout its entire useful 
life (Ghodrati & Kumar, 2005). OEM management leadership pays a lot of attention to 
product support as it:  
 plays a key role in achieving customer satisfaction 
 can generate revenue and profit; and 
 could provide a competitive advantage for marketing. 
 
Spare parts availability is a critical component for profit maximisation and attainment of 
maximum share of shareholder value for physical assets in manufacturing environment. 
A readily available spare part provides quick reaction time during asset breakdowns and 
                                              
3
 Any form of assistance that OEM or supplier gives to customers or users of a product to gain maximum value out 
of manufactured product during its useful life.  
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reduces business continuity risk. Assets spares could amount to 10 percent of the 
asset‟s value. These spares are kept as insurance and if a manufacturing organisation 
is caught without these critical spare parts it faces the risk of extended equipment down 
time which, could result in non delivery of orders, loss of customer orders and eventual 
loss of revenue and non value- add to shareholder value (Levitt, 1997). 
It is for this reason that management leadership must provide clear strategic direction to 
deal with capital committed to spares inventory versus the risk of having insufficient 
spares inventory. This should be done by providing guidelines on  
 spares inventory provision method 
 analysis and control of inventory 
 measurements of holding stock 
 
2.2.4.2 Spares inventory provision models 
 
Spare parts inventory provision is a complex problem and therefore requires an 
accurate analysis of factors and conditions that affects the selection of appropriate 
provision models. Models available can be classified into two, namely: 
1 Mathematical modelling 
2 Classification approaches 
 
2.2.4.2.1 Mathematical modelling 
 
These models involve mathematical modelling using linear programming, dynamic 
programming, goal programming and simulations. Multi-echelon for recoverable item 
control (METRIC) is one of the models that have been in existence for over 50 years. 
Some of the flaws with the metric model is its complexity and the fact that some 
problems can only be solved by modelling one echelon, it also does not address the fact 
that not all items are of the same type would be recoverable. 
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2.2.4.2.2 Classification approaches 
 
The classification approach is based on the well know ABC classification which uses the 
Pareto method. Spares classification is generally based on achieving operational and 
administrative efficiency and effectiveness of inventory cost, usage rates and 
availability. ERP systems are used to do analysis in order to take care of overstocking, 
obsolescence and stock out problems of various items. A multitude of models have 
been proposed to address the one or two dimensional flaw that comes with the ABC-
analysis. The models include Analytical Hierarchy Process (AHP) model for Spare 
parts, the Multi–attribute utility theory (MAUT) for spares and Multi-attribute decision 
making (MADM) (Braglia et al., 2004). 
The approaches have become useful in the midst of high automation of manufacturing 
systems. They allow component and system reliability analysis, spare parts forecasting 
using not only mean time to repairs (MTTR) and mean time to failure (MTTF), but also 
consider systems operating environmental factors such as temperature, humidity, 
vibration and dust as well as operator skill. 
The use of criticality index obtained from failure mode effect and criticality analysis 
(FMECA) of systems is also common. FMECA is done by referring to similar equipment 
used in manufacturing operations or recommendations from internal and external 
experts. Figure 2.27 shows a typical spares identification process that can be followed, 
with figure 2.28 showing a further filtration of spare parts to be kept. 
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Figure2.27: Spare identification process 
Source: (Diallo et al., n.d.) 
 
Figure 2.28: Filtration of parts to be kept 
Source: (Diallo et al., n.d.) 
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2.2.4.3 Analysis and control of spares inventory 
 
A further classification of spare parts in the stock warehouse should be done in order to 
obtain an overview of the inventory turn times and assess spares to ensure appropriate 
control measures. The classification should be done according to the following criterion: 
1. Fast moving , slow moving and non-moving parts 
2. Lead times of parts,  
3. Critical parts 
4. Capital parts 
5. Insurance parts 
 
Fast moving, slow moving and non-moving parts 
 Fast moving parts are parts that are used frequently and issued 
more than once a month. 
 Slow moving parts are parts that are issued at least once a month. 
 Non-moving parts are parts that have not moved for at least 2years. 
 
Slow moving and non-moving parts are often of grave concern to the financial 
accountants and they could easily be put up for scrapping which could put business at 
huge risk. Figure 2.29 shows how slow movers can be further classified. 
 
Figure 2.29: Classification of slow moving spare parts 
Source: (Mitchell, 1962) 
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Lead times 
 Scares parts, parts with lead time of more than 4 months. 
 Difficult part, parts with lead times more that 1 month but less than 
4months. 
 Easy parts, parts readily available with max lead time of less than 1 
Month. 
Critical Parts 
 This are parts related to bottleneck equipment, and is related much 
on the value of production loss. 
 
 
Capital Spares 
 These parts have a high impact on production and also have a very 
high price tag, the usage of such could be once or twice in the life 
time of the equipment. Number of part to be stocked is dependent 
on the number of equipment on site. 
Insurance Spares 
 This are parts that are bought and kept in stock as insurance, the 
cost to production of not having this part when a failure occur is 
quite heavy. 
  These parts are never obsolete until the actual equipment is 
decommissioned, even if they do not move for more than 5 years. 
2.2.4.4 Performance measurements for spare inventory room 
 
An efficient spares inventory room requires measures that will allow for optimal 
operations and ensure parts availability when needed. 
Inventory integrity - Measures and correlates inventory on the shelf versus inventory on 
the spares management system. The measure must be reported every 4 months and 
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must be close to 100 percent. A perpetual inventory checks method must be used to 
facilitate the achievement of 100 percent inventory integrity.  
Stock outs - Measures the availability of spares to the assets maintenance personnel 
when required. The measure should be reported monthly with a target as close to zero 
as possible. To facilitate the achievement of a zero stock out rate a radar control 
approach (figure 2.30 below) should be used to allow for appropriate and effective focus 
with clear actions to be taken at each level.  
 
Figure 2.30: Radar control approach for spares 
Source: (Other, 1999) 
Quality Rate – It is a calculated by dividing the number of reject parts over a period of 
time by the total parts issued over a period Measure to ensure supply of quality parts to 
the customer (Asset maintenance personnel). This measure should be reported on a 
quarterly basis and should be close to zero. The measure can be facilitated by amongst 
others 1) ensuring the appropriate storage conditions of spare parts and 2) ensuring the 
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availability and execution of appropriate planned preventative activities for items that 
require such. 
 
2.2.4.5 Conclusion 
 
Spares parts plays a crucial role in ensuring that physical assets continue to perform 
functions that they where procured to do, giving the organisation a competitive 
advantage and a positive contribution to the balance sheet. It is therefore imperative 
that the organisation invest in spares management systems that will allow for effective 
and efficient provision and control. It is also crucial not only to the lead times, number of 
components in use and value of spare item, but consideration must also be given to the 
operating environment (temperature, humidity, dust etc) when deciding on what and 
how many spares to keep. 
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2.2.5 Skills & labour retention 
 
 
2.2.5.1 Introduction 
 
The human capital is a crucial variable for gross domestic product (GDP) as it is one of 
the key factors of production that makes up growth GDP. These factors include labour 
(L), capital (K), technology (A), human capital (H) and public infrastructure (KG). 
Y = A F (K, L, H, KG) 
Where  
Y = Growth GDP   A=Technology         K=Capital investment          L= Labour Hours   H = Human Capital and K
G 
= Public Infrastructure 
 
The (H) in the equation resembles the investment made  in the acquisition of skills and 
knowledge, in order to enhance the productivity of the other factors such as 
technological advancement( A), capital investment (K) and hours of work (L). Skilled 
workers are much better at operating and maintaining complex systems and assets 
used in manufacturing and may also be used in the management of labour and other 
production processes (Burda & Wyplosz, 2009). 
Continents and countries are competing vigorously over the skilled labour and Africa 
has been on the losing end of skilled human capacity, which has a debilitating effect on 
Africa‟s ability to make an impact on socio-economic and political development. The 
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cross continental brain drain has come as a result of globalisation and also compression 
of space and time that came with the technological development in the information and 
automation systems. South Africa has not been an exception in the loss of highly skilled 
personnel to other countries with Canada, Australia, New Zealand, United Kingdom and 
the United States of America being the top five brain gainers. See table 2.3 below. 
While international recruitment of skilled personnel, in particular personnel required for 
physical assets maintenance (artisans, technicians, engineers, etc) is a concern, a 
greater concern is the fact that local organisations recruit aggressively from each other.  
The aggressive recruitment is accelerated by the shortage of the skills and knowledge 
required for physical asset management which has  been aggravated by the 1) 
imbalance of supply and demand created by the abolishment of apprenticeship and the 
also, to a large extend some inadequacies in the education system in general (van 
Rooyen, 2009) 2) the pace of technological advancement and the need for early movers 
advantage taking by organisations, to take advantage of pricing and profit premium 
available to market leaders and 3) the internet and information age has made 
remunerations information and career mobility easily accessible to an extent that even 
the passive job hunter cannot avoid getting to know about lucrative job offers available 
for people with his similar skill (Kochanski & Ledford, 2001). 
Most likely countries %Percentage 
United States of America 24 
Australia 22 
United kingdom 15 
New Zealand 12 
Canada 11 
N=87 
  
Table 2.3: Top five most likely brain gaining countries  
Source: (Crush, 2000) 
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The Eastern Cape and the Nelson Mandela Bay Metropole has a greater challenge, to 
hold on to the skilled workforce. Skilled workforce prefers to work in other provinces 
such as Gauteng, Western Cape and Kwa-Zulu Natal, See table 2.4 below. Research 
has shown that the cost of employee turnover to be at least 150 percent of employee 
salary (Ramlall, 2003). It is with this in mind that companies and manufacturing 
organisation seek ways to retain their human assets for their physical assets to give 
them a competitive advantage. 
 
Table.2.4: South Africa‟s skilled residence by province 
Source: (Crush, 2000) 
 
2.2.5.2 Skills retention approaches 
 
The realisation that skills shortage and the brain drain are constraining economic growth 
has prompted the South African government to introduce, on a macro level, the joint 
initiative on priority skills acquisition (JIPSA) together with the accelerated shared 
growth initiative for South Africa (ASGISA). However, on a micro level, each 
organisation still has to address and compete in the war for talent. The notion of “it is 
not what the company can do for you, it‟s what you can do for the company” has tilted 
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somewhat towards the reverse as organisations scramble for talent. Organisations are 
faced with a challenge to manage employee turnover. 
Turnover rate is one of the key indicators of how organisations are doing in retaining 
staff. Most organisations use the reasons why employees opt to leave the 
organisations, in order to try to reduce the turnover rate. Reasons for leaving are 
recorded using exit interviews, while this method can be useful it is riddled with flaws 
(Brown et al., 2003). 
1. The fact that, by design, the interview happens at the end when the employees 
have already resigned results in a post–rationalised response e.g. instead of “I 
left because I cannot stand this place”, the respond would be “I found a better 
opportunity somewhere else”.   
2. Because the interview ask open ended questions (qualitative) it is very difficult to 
get quantitative empirical results. 
 
In addition to an exit interview organisations should consider surveying of potential 
recruits and current employees to establish a gap that could advise on the retention 
strategy. Table 2.5 shows typical career gap analysis topics. 
Potential Recruits 
Gap 
Current Employee 
People Development 88% -21 People Development 67% 
High Remuneration 79% -2 High Remuneration 77% 
Strong leadership 75% -17 Strong leadership 58% 
Career Opportunities 69% -4 Career Opportunities 65% 
Ethical employer 56% 7 Ethical employer 63% 
 
Table 2.5: Career gap analysis  
Source: (Brown et al., 2003) 
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A wide research on employee turnover has shown a link between employee turnovers 
with the following: (Kerr-Phillips & Thomas, 2009) 
1. Individual characteristics, workplace structures and environmental conditions. 
2. Job satisfaction and job motivation. 
3. Organizational commitment. 
4. Remuneration and career opportunities. 
5. Conflict with colleagues or supervisors. 
6. Unmet career expectations. 
7. Job enrichment and employee commitment. 
8. Work stress. 
9. Culture tolerating poor performance. 
10. The existence of “old boys” clubs. 
 
Most organisations measure employee, turnover cost which is said to be at least three 
to six times higher for a technical person than an administrator. The cost includes the 
cost to replace, the time to replace, intellectual capital cost and revenue loss related to 
the loss of technical skill. Knowing the true cost of turnover is critical as the key to 
knowing how much to invest on retention interventions. Turnover cost can be classed 
into direct and indirect cost. See table 2.6 below. 
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Table 2.6: Employee turnover costs   
Source: adapted from (Allen et al., 2010) 
Interventions being recommended for the retention of talent include amongst others  
(Kerr-Phillips & Thomas, 2009): 
1. Leadership development programs 
2. Conscious development of transformational working culture, which includes 
expectation of high performance standards that promotes development. The 
culture must be inclusive enough to accommodate diversity brought by all 
citizens including white males who fear alienation due to affirmative action. 
3. A strong employer brand and a competitive remuneration package. 
 
It is also recommended that organisations should have clear formulated values and 
rewards that they offer in exchange for continued employment and dedication, it should 
clearly stipulate why an employees should continue working for them and not the 
opposition. This is done through an Employee Value Proposition (EVP) plan.  
Tangible
HR staff time(e.g salary,benefits,exit interviews)
Manager's time(Salary,benefits,retention attempts,
exit interview)
Accrued paid time(e.g vacation,sick leave)
Tempoarary coverage(temporary 
employee,Overtime 
for current Employee)
General Recruitment Selection/Orientation & training
HR staff time(benefits enrollment,recruiment ,
selection,training Advertising Selection Measure expenses(Selction test)
Hiring manager time(interviews, training,orientation) Employment agency Fees Application expenses
Hiring inducement (e.g 
Bonus,reloaction,Perks) Orientation program time an dresources
Referal Bonuses
Formal an dinformal training(Material ,
Equipment,mentoring)
Productivity loss(loss of production until
employee is proficient)
Replacement could be a better perfomer 
Enhancement of workplace diversity by the new person
Departure affording opportunity for reorganisation
Benefits
Loss of seasoned mentor
General
Savings by not filling the vacancy
Infusion of new skills into the organisation
Vacacy creating promotion oppotunities for others
Savings by employing less experienced person
Separation Costs
Replacement Costs
Intangable
loss of Workforce diversity
Job quality while job is unfilled
Loos of Knowledge
Client loss
Potential competion/Employee opens new business
Team disruptions
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Koschanski and Ledford have recommended the five key considerations by technical 
people before taking up positions or staying in organisations as per figure 2.31 below. 
The traditional opposition has also changed that it is not uncommon for an engineer to 
work for a financial institution which was traditionally looked at as only employing 
accountants and bankers.  
 
Figure 2.31:  Employee value proposition (EVP)   
Source: Adapted from (Kochanski & Ledford, 2001) 
2.2.5.3 Conclusion 
 
It is imperative that leadership in manufacturing organisations put appropriate measures 
in place to attract and retain technical skills. These are the skills required to ensure that 
physical assets perform their intended functions and provide both accounting and 
economic value-add, while still adhering to the safety and statutory requirements and 
standards. 
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2.2.6 Knowledge Management (KM) 
 
 
2.2.6.1 Introduction 
 
The period of knowledge economy has seen organisations actively seeking to gain a 
competitive advantage by investing in knowledge management (KM) systems and 
initiatives. Knowledge can be defined as information combined with experience, context, 
interpretation and reflection. Knowledge is a high value information package in a way 
that enables decision making and action execution (Davenport et al., 1998). See figure 
2.32, composition of knowledge. 
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 Figure 2.32 Composition of Knowledge adapted  
Source: (Coetsee, 2002) 
 
 Experience/Insight- Having firsthand experience, knowing subject elements, their 
interrelationship and the dynamics as a whole. 
 Understanding/Wisdom- Ability to answer question of “why” from first principle.  
 Information- Having read or been told about the subject. 
The manipulation and processing of raw data acquired through the use of computers or 
any other mediums gives information which is further processed using skills, 
competencies, and personal experience to make up the knowledge. Employee 
knowledge in an organisation is a key resource that can affect organizations ability to 
remain competitive in the global village and thus making employee knowledge a 
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strategic asset. To be a strategic asset, a resource must have the following 4 
components: 1) Rare, 2) Valuable, 3) Inimitable, and 4) Non substitutable  
 Rare  - organisations knowledge is the sum of know why‟s, know how‟s and know 
what‟s build on experience of present and past employees and complimented by 
culture is therefore rare. 
 Valuable - New knowledge contributes to the improvement of products, 
processes, services and technologies which enables organisation to be 
competitive. Being the first to launch innovative methods or products give an 
organisation a strategic advantage. 
 Inimitable. - organisation knowledge is built on individual personal experiences 
and skill, while group knowledge depends on total commitment and synergy 
between various employees added with the unique historical circumstances of 
organisations. No two groups will function or think exactly the same. 
 Non-substitutable - group knowledge comes from synergies of individuals which 
cannot be substituted (Bollinger & Smith, 2001). 
It is no wonder that organisations are investing in ensuring that this strategic assets is 
nurtured and available for use by the organisation in pursuit of economic value-add. 
Investments are packaged though KM projects, with the aim of resolving common 
business issues of 1) creation of new knowledge, 2) data analysis, 3) process 
consistency or improvement, 4) Tapping into expertise within the organisation and 5) 
development of employee competencies and capabilities. These elements have been 
grouped together to develop a KM spectrum framework (Binney, 2001). 
 
 
 
 
72 | P a g e  
 
2.2.6.2 Knowledge management spectrum 
 
KM spectrum has been categorized into 6 elements: 
1) Transactional  2) Analytical    3) Asset Management 
4) Process   5) Developmental  6) Innovation and creation 
 
2.2.6.2.1 Transactional KM 
 
Knowledge is embedded in technology and the user‟s request is handled using a series 
of questions, in a process of elimination using case base reasoning, which implies using 
past cases and match to a problem being presented. The user has a choice on how to 
apply the knowledge given, but has no choice in the how the knowledge is presented. 
Transaction KM is applied for help desk and after service technical support. 
 
2.2.6.2.2 Analytical KM 
 
Analytical KM creates knowledge from various sources and materials with applications 
that do interpretation of large sums of data and presents it in a simpler format to allow 
the user to make a decision. An enterprise resource planning system (ERP) and 
manufacturing execution system (MES) are examples of such applications of analytical 
KM. 
2.2.6.2.3 Asset management KM 
 
This involves the management of intellectual property together with process of 
identification, interpretation and protection of such knowledge. It also covers the 
management of codified explicit knowledge. 
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2.2.6.2.4 Process based KM 
 
This element covers the improvement of processes, which is also referred to as work 
instruction, Work Procedures of Methodologies. It is an output of processes such as 
Failure mode Effect Analysis (FMEA), RCM, TQM and may involve third parties and 
OEM subject matter experts. The knowledge is used for problem solving or for reliability 
improvement or continuous improvement on ways of working. The improvement of such 
knowledge comes from lessons learned (see Figure 2. 33 below) and benchmarking 
exercises.  
The criticisms of systems such as TQM, which places emphasis on error free operations 
and doing things right the first time, is that they are forcing people into a single loop 
learning by focusing only on improvement of current process than the creation of new 
knowledge. It is however acknowledged that they have provided for ways to freeing 
production workers to reaching their highest potential in ways of working (Ahanotu, 
1998). 
 
Figure 2.33: Framework for improving process based KM 
Source: (Leanmanufacture.net, 2009). 
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2.2.6.2.5 Developmental KM 
 
This is focused on the development of competencies, capabilities and skills of 
“knowledge workers” in an organisation. It is done by investing in human capital through 
the transfer of explicit knowledge by training or development of tacit knowledge through 
involvement in projects or secondments. 
2.2.6.2.6 Innovation KM 
 
This application focuses on the development of new knowledge through interaction of 
various personnel from different backgrounds and possibly different fields of expertise.  
Table 2.7 below shows a summary of the knowledge management spectrum 
applications with associated enabling technologies. 
 
Table.2.7: KM spectrum and enabling technologies 
Source: (Binney, 2001). 
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2.2.6.3 Success and failure of KM projects 
 
Knowledge management projects failure can be attributed to the following four main 
reasons (Chua & Lam, 2005):1) Infrastructure, 2) Culture, 3) Content and 4) Project 
Management 
2.2.6.3.1 Infrastructure 
 
This is subdivided into two areas: 1) Technological Infrastructure and 2) Organisational 
infrastructure. 
Technology Infrastructure implies that technology being used must be accessible to 
everyone who is a beneficiary or contributor to the project. This includes equipment net 
works for technology use, tools and operational costs related to the implementation of 
such technology. The success for KM project is improved if the already exiting 
organisation infrastructure and Tools are being utilized; this is because the skills set and 
know how to use them already existing. 
Organisation Infrastructure refers to the resources required for the implementation of 
Km projects. This implies, establishing new roles and organizational groups with skill 
sets to serve as a backbone for the KM projects (Davenport et al., 1998). 
 
2.2.6.3.2 Culture 
 
The organizational culture, which is knowledge friendly, is critical for the implementation 
of the KM project. The culture should have amongst others the following components: 
1. People should have a positive orientation towards knowledge acquisition; 
employees should be bright and intellectually willing, curious, and free to explore, 
senior management encourages knowledge creation and use. 
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2. People are not resentful of sharing knowledge; they do not have fear that sharing 
might cost them their jobs. 
 
2.2.6.3.3  Content 
 
Contents are the heart of KM project. Content which is outdated, irrelevant, badly 
structured and has limited coverage will be detrimental to a KM project. 
 It is said that a professional service firm project failed because it attempted to create a 
wholly unstructured knowledge repository system searchable with all words in the 
database using parallel powerful computers to compliment the lack of structure. The 
system was totally unusable. It is therefore imperative to clearly identify users and have 
an even clearer understanding of their problem and how the solution will best resolve 
the problem before the content is structured and compiled (Davenport et al., 1998). 
 
2.2.6.3.4 Project management 
 
Implementation of the project must follow an established project management and 
change management approach which must involve all stakeholders including the “to be 
users” of the system in order to get a total buy in. This will allow for the avoidance of 
error of “viewing knowledge as existing predominantly outside the heads of individuals”  
(Fahey & Prusak, 1998). 
The approach must have clear deliverables, milestones, be time bound and should be 
linked to economic performance or industrial value with clear key performance 
indicators and reporting matrix for the project.  
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2.2.6.4 Conclusion 
 
Knowledge management is neither panacea nor bromide; it requires sound leadership 
and management. It foresters an environment which will allow the organisation to adapt, 
renew and revitalize itself continuously in response to the ever changing economic 
environment. This will be achieved through a shortened time to implement strategic 
changes, learning effectively from mistakes, attraction of the best talent and making 
greater use of employees in all levels of the organisation and increased employee 
commitment and creativity. 
 
2.3 CONCLUSION 
 
This chapter comprises of a comprehensive literature review which provides a deeper 
understanding of the key physical management variables in industries and various 
performance indicators of these variables. 
The literature review has informed the formulation of a questionnaire to test the 
application of key physical assets management variables in the manufacturing industry.  
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CHAPTER THREE 
3 RESEARCH METHODOLOGY OF EMPIRICAL RESEARCH 
3.1   INTRODUCTION 
 
The chapter will focus on the empirical research component of the study. The 
researcher decided to utilize a qualitative approach implementing the use of 
questionnaire as briefly indicated in chapter 1. 
 
3.2 DEFINITION OF RESEARCH 
 
Research is central to both business and academic activities. The fact that research 
means different things to different people makes it difficult to get a clear consensus on 
its definition.  
“Research is a systematic process of collecting and analyzing information (data) in 
order to increase understanding of the subject of concern or interest”  (Leedy & Ormrod, 
2010) 
“Research is a systematic and methodical process of enquiry and investigation with a 
view to increasing knowledge” (Collins & Hussey, 2009) 
It is however agreed that research is a systematic and is a process which involve 
investigation and collection of data on a particular topic to increase knowledge.  
 
3.2.1 Typical objective of the research 
 
It is however, agreed that research is systematic and is a process which involves 
investigation and collection of data on a particular topic to increase knowledge.  
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Typical objective of the research: 
 
 To review and synthesize existing knowledge. 
 To investigate some existing situation or problem. 
 To provide solutions to problems. 
 To explore and analyze general issues. 
 To construct or create a new procedure or system. 
 To explain a new phenomenon. 
 To generate new knowledge. 
 A combination of the above listed. 
 
Research projects differ in complexity and duration; however research has eight distinct 
characteristics, namely: 
 Research originates with a question or problem. 
 Research requires clear articulation of the goal. 
 Research requires a clear and specific plan for proceeding. 
 Research subdivides the principle problem into manageable sub-problems. 
 Research is guided by the specific research problem, question or hypothesis. 
 Research accepts certain critical assumptions. 
 Research requires the collection and interpretation of data in an attempt to 
resolve the problem that initiated the research. 
Research is by nature cyclical or more exactly helical (see figure 3.1 below). 
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Figure 3.1  Research is a cyclical process 
Source:  (Leedy & Ormrod, 2010) 
 
This clearly shows that research is purposeful as it is done with objective of obtaining 
results. The nature of the results will depend on the type of research being conducted. 
 
3.3  RESEARCH PARADIGM 
 
There exist two types of research paradigms namely, Positivism paradigm and 
Interpretivism paradigm (Collins & Hussey, 2009). Positivism paradigm was fathered by 
Auguste Comte who introduced the term positivism (Blunden, 1999-2008). Comte 
philosophised that society and history were governed by laws and these laws would 
only be understood once science had developed sufficiently. He asserted that once 
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science was sufficiently developed, social and historical developments could be 
subjected to scientific management. Positivism is associated with a paradigm that 
follows a scientific, logical reasoning and empirical research, observations or 
experiments in coming to a conclusion (Collins & Hussey, 2009).  
This approach is focused on collecting and analyzing numerical data using statistical 
methods. Positivism places more emphasis in the quantification and has a firm belief 
that correct techniques guarantee the correct answer (Ryan, 2008). This approach is 
underpinned by the fact that any knowledge can be extracted from positive information 
as rational justifiable assertions can be scientifically or mathematically proven. 
Positivism rejects theoretical speculations as a means of obtaining information or 
knowledge. 
The interpretivism approach seeks to describe, translate and find a way to come to 
terms with the meaning of data. This approach„s results do not originate from any 
statistical analysis of data, but rather from analysis of various views held by people. It is 
underpinned by the fact that social reality is not objective but rather subjective, as it is 
shaped by perceptions (Collins & Hussey, 2009). The operative word in the 
phenomenological approach is “describe”, the aim of the researcher is to describe 
accurately as much as possible, the phenomena without a provided framework. It is 
concerned with understanding the phenomena from the perspective of people who are 
involved. A researcher using this methodology cannot necessarily detach personal 
perspective from the phenomena and should not pretend otherwise (Groenewald, 
2004). 
Key features of paradigms 
 Positivism Approach Interpretivism Approach 
Basic Belief  The world is objective 
and external 
 Science is value free 
  Observer is 
independent  
 The world is constructed by 
social systems 
  Science is driven by human 
interest 
 Observer is an integral part of 
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what is being observed  
Researcher Should  Focus on facts 
 Formulate and test 
hypothesis 
 Find fundamental laws  
and causalities 
 Focus on meaning 
 Data induction for the purpose 
of idea development  
 Endeavour to comprehend 
what is taking place 
Preferred Method 
includes  
 Taking large sample  Small samples investigated in 
depth or over long periods of 
time 
 
Table3.1: Key features of positivism and Interpretivism research approaches.  
Source (Mangan et al., 2004) 
 
3.4  PARADIGM CHOICE 
 
The approach that was used is mainly qualitative paradigm with some portion of 
Quantitative , making the overall approach a hybrid. This is motivated by the author‟s 
underlying passion for the subject, which has been developed and nourished by 
experience gained in various manufacturing industries in South Africa and Germany; 
grounded by the study of literature and application thereof. As stated by (Groenewald, 
2004) a qualitative researcher cannot detach their own pre-suppositions from the 
phenomena being investigated. There is however, an extensive amount of information 
that has been drawn from academic literature through books, internet and journals 
which laid a solid foundation to ensure the resolution of the research problem.  
3.5  LITERATURE STUDY 
 
The extensive literature study conducted and presented in chapter 2 reveals that 
physical asset management has a key role to play in ensuring a competitive advantage. 
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Literature reveals that KPAMV are crucial to sustainably achieve an organisations short, 
medium and long term objectives.  
 
3.6  EMPIRICAL STUDY 
 
The empirical study was conducted using questionnaires that were distributed to staff in 
various organisations. Questionnaires (Annexure 1) together with an authorisation 
approval request were hand delivered to known staff within selected the manufacturing 
concern initially for discussion. On agreement to partake as part of the study sample 
questionnaires were sent via e-mail to known contacts for distribution to selected 
members within the said manufacturing concern. 
The results of the questionnaire were analysed, details of which are discussed in 
Chapter 4. 
 
3.7  SAMPLE DESIGN 
 
Sampling is concerned with a decision on which people, events, behaviours and social 
process being observed. The sample should be carefully chosen in order that, it may 
give the researcher the ability to observe characteristics of the total population in the 
same proportions and relationships that they would be observed if the researcher were 
to examine the entire population (Leedy & Ormrod, 2010). 
There exist two categories of sampling namely, probability sampling and non-probability 
sampling. These two categories are made up of eight sampling approaches as shown in 
Table 3.2 below. 
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Table  3.2 : Summary of sampling approaches and their main characteristics 
Source: (Leedy & Ormrod, 2010) 
The sampling approach for this study research is two-fold, namely: 
 Convenience sampling - used for selection manufacturing concerns. The researcher 
has chosen to use personal contact within the manufacturing concern and requested 
the organisational authorisation to partake in the study through such personal 
contact as shown in Table 3.3 below. 
 
Manufacturing Concern Relation to Researcher Respondents 
Company A Network 6 
Company B Ex Work Colleague 2 
Company C Ex-Work Colleague 6 
Company D Ex-Work Colleague 4 
Company E MBA- Class of 2010 5 
Total 25 
 
Table 3.3: Convenient sampling personal contacts  
Sampling 
Category 
Sampling Approach Main Characteristics 
   
 
 
Probability 
Sampling 
Simple Random Sampling Randomised in such that every member of the population 
has an equal  chance of being selected 
Systematic Sampling Use pre-determined sequence for selection of respondents 
Stratified  Random Sampling Respondents classed according to established  layers in a 
particular setting(e.g. Grades in a public School)  
Proportional Stratified 
Sampling 
Respondents randomly selected as per their proportions in 
the general population  
Cluster Sampling Clusters or boundaries used to select respondents 
 
Non 
Probability 
Sampling 
  
Convenience Sampling Uses readily available units for sampling 
Quota Sampling Respondents selected as per their proportions in the 
general population 
Purposive Sampling Sample units chosen for a particular Purpose 
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 Stratified random sampling – The selection of respondents within the identified 
manufacturing concern, was based on their functions performed within the 
organisation. The function performed aligned with the identified KPAMV framework. 
Table 3.4 below shows the selected strata. 
 
 
Table 3.4: Sample Strata 
 
3.8  DATA COLLECTION METHODS 
 
A questionnaire is a method for collecting primary data, whereby samples of 
respondents are asked, a list of carefully structured questions. The main steps for 
designing questionnaire are indicated in figure 3. 2 below. 
KPAMV
Knowledge management
Engineering Maintenance
Projects Management
Financial Management
Production Management
Quality Management
Human Resource Management
Department
Project Planning
 & Implementation
Financial Assets Registers
Maintenance Strategies
Spare Parts Management
Skills and labour Retention
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Figure  3.2: Steps for designing a questionnaire 
Source: (Collins & Hussey, 2009) 
 
3.8.1 Pretesting the questionnaire 
 
A questionnaire was handed to an executive of one of the manufacturing sites to review 
questions, and highlight any vague and ambiguous questions. The questionnaire was 
amended based on the recommendations of the abovementioned executive. 
The questionnaire was further submitted to a professor at the Nelson Mandela 
Metropole University‟s business school to check the length and format of the 
questionnaire. The researcher then used the comments received to make necessary 
amendments.  
 
3.8.2 The Questionnaire 
 
The final questionnaire consists of the following: 
Section biographical information relating to current position and length of service in the 
organisation and department 
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Section B - Likert scale questions classified according to different variables being 
measured  
The researcher used the following five point scale 
5 -  Strongly Agree 
4 - Agree 
3 - Neutral (Not sure or does not know) 
2 - Disagree 
1 - Strongly disagree 
 
The researcher developed questions using the KPAMV framework with the aim of 
assessing the application of the KPAMV in manufacturing sites.  
Project planning & Implementation  
The section contain a total of nine questions, the questions aims to 
1. Test the availability of Feasibility study process within the organisation prior to 
requesting commitment form Leadership for funding.  
2. Ascertain if manufacturing concerns follow a Team approach as a way to utilise 
all available knowledge for project execution. 
3. Verify that physical assets responsibilities are handed over following appropriate 
methods  
4. Ascertain that there is a close loop approach with regard to deliverables as 
purported in feasibility studies. 
Financial Asset Registers 
This sub part contains twelve questions, which seeks to  
1. Test for availability of assets register is required by regulations 
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2. Assess for the level of control within the organisation. 
3. Test the value add of the assets register information to operations 
Maintenance Strategies 
The sub part contain twelve questions which seeks to  
1. Ascertain the availability of  policy documents, to guide the end user with linkage 
to the overall business strategy 
2. Test the involvement of key personnel in the development of maintenance policy 
document 
3. Get information regarding the  organisational structures being utilised to support 
physical assets 
4. Ascertain the level of the use of performance measurements within organisations 
Spare Parts Management 
This section has eight questions and they are design to  
1. Test the importance of product support in decision making for assets acquisition 
2. Verify the level of consideration of Spares requirements in the early stages of 
System life cycle 
3. Check for the level of control of the physical Assets inventory. 
Skills and labour Retention 
This section contain 6 questions with the aim of testing 
4. To a certain extend the level of commitment of technical personnel and their 
relationship with Production customers 
5. If technical personnel receive appropriate training on new Assets 
6. The existence of career paths for technical staff 
 
Knowledge Management & Use of technology 
The combined sections contain a total of eleven questions which seeks to test  
1. The implementation of knowledge management systems within organisations. 
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2. Control of knowledge source and the availability of a platform to  propose 
changes. 
Table 3.5 below shows a summary and an indication of purpose of the question 
selection.  
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Table 3.5: Summarized questionnaire design and purpose 
 
3.9 VALIDITY AND RELIABILITY  
 
There are two forms of validity in research 1) internal validity and 2) external validity 
(Bloomberg et al., 2008).  
3.9.1 Internal validity 
 
This refers to the ability of the research measuring instrument to measure what it is 
purported to measure. Internal validity is further sub-divided in various types as shown 
in Table 3.6 below.  
 
90 | P a g e  
 
Type
Predictive
The degree to which the content of the items adequately 
represent the universe of all relevant items being researched
Prediction of the future,criterion data measured after the 
passage of time
Description of the present where the criterion data are 
available at the same time as thepredictor scores
The extend to which an instrument  measures a charactoictic 
that cannot be observed but must instead be infered from 
patterns in behavior
Judgemental correlation of proposed 
test with established ones. 
What is being measured
Content
The extend to which the results of  an assessment instrument 
correlates with another presumably related measure
Method
Panel evaluation with content
 validity ratio
Criterion -related
Correlation
Concurrent
Constructive
 
Table 3.6: Summary of validity estimates  
Source: adapted (Bloomberg et al., 2008) 
 
3.9.2 External validity 
 
This refers to the ability of the data collected to be generalized across persons, settings 
and times. 
 
3.9.3 Reliability 
 
This is concerned with the degree to which a measurement is free of random or 
unstable errors, particularly when the characteristic that is being measured has not 
changed. Table 3.7 shows summary of types of reliability estimates. 
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Table 3.7: Summary of Reliability estimates adapted source 
Source: (Bloomberg et al., 2008) 
 
3.10 DATA ANALYSIS 
 
Data analysis can be done using either quantitative or qualitative techniques. The 
quantitative technique relies heavily on deductive reasoning, starting with certain 
premise (e.g. hypothesis or theories) and draws conclusions from them. In addition, the 
quantitative researchers try to maintain objectivity by utilizing a variety of statistical 
analysis‟ to make sense of the data.  
The qualitative technique uses inductive reasoning. Relationships between themes in 
the data gathered are used to draw inferences about larger and more general 
phenomena. Data analysis is more subjective in nature (Leedy & Ormrod, 2010). 
The researcher used Microsoft Excel to analyse the gathered data. Data gathered was 
captured and analysed per KPAMV. Details of the analysis are explained in Chapter 4. 
 
 
Type Coefficient  What is being Measured Methods 
Test-retest Stability 
Reliability of the test from examinee 
scores. 
Same test done twice to the same 
subject over an interval of less than six 
months 
Correlation 
Parallel Forms Equivalence 
The extent to which alternative forms 
of the same measure produce similar 
results 
Correlation 
Split-half 
 KR20 Alpha 
Internal  
Consistency 
Degree to which items are 
homogeneous  and reflect the same 
underlying constructs 
Specialised 
Correlation 
Formulas 
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3.11 ETHICAL RESPONSIBILITY 
 
The following are categories of ethical issues in research: 1) Protection from harm, 2) 
informed consent and 3) right to privacy. 
 
3.11.1 Protection from harm 
 
This refers to the requirement of researchers, not to expose participants to unwarranted 
physical or psychological harm. This implies that when research involve human beings, 
the risk in participating in the research must not be greater than the risk of day to day 
living. 
 
3.11.2 Informed consent 
 
When research involves publicly obtained documents then there is no problem is posed 
for researchers, but when data gathering involves private individuals or entities that it is 
recommended that informed consent be obtained from such individuals or entities. 
The researcher obtained consent from the participating manufacturing entities using an 
official letter containing a selection of options as per Appendix A.  
All participants agreed to participate in the research with proviso that their identity 
remains confidential and that a copy of the research document be made available to 
them for their personal use. 
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3.11.3 Right to privacy 
 
Research studies that involve human beings or legal entities (i.e. Companies) must 
respect the right to privacy. Documents obtained from individuals should be labelled 
with unique arbitrary numbers to safeguard participant‟s identities. The researcher has 
adopted labelling in the form of manufacturing site A, respondent 1 and manufacturing 
site B, respondent 1 etc. In this way the rights of privacy of both individuals from 
manufacturing sites and also the manufacturing sites themselves have been respected. 
 
3.12 CONCLUSION 
 
After having presented a detailed exposition of the research methodology used for the 
phenomenological empirical part of the research, Chapter 4 will highlight the 
presentation and analysis of the data collected by means of a questionnaire. 
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CHAPTER FOUR 
4  RESEARCH FINDINGS AND ANALYSIS 
 
 
4.1 INTRODUCTION 
 
In chapter 3 the research methodology was discussed in detail. This chapter will present 
data from the empirical study and data will be analysed and interpreted to give 
meaningful information.  
This chapter will include information regarding the research f indings such as; the 
interpretation of empirical results, response rate how the questionnaire was constructed 
and biographical information from questionnaire. 
4.2 ANALYSIS OF THE EMPIRICAL RESULTS 
 
The respondents who participated in the research were employees of the five 
manufacturing sites located within Nelson Mandela Metropolitan, South Africa. The 
manufacturing site‟s profiles in terms of size of land and buildings, value of assets as 
per their property plant and equipment register (PP&E) and number of employees, are 
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as per table 4.1 below. The analysis will start by analysing and comparing responses 
from various manufacturing sites per KPAMV, then the joint data will be analysed 
against the literature, lastly overall assessment of levels of implementation of physical 
assets management variables in the manufacturing will be drawn. 
 
Table 4.1: Manufacturing sites profiles 
4.3 RESPONSE RATE 
 
The questionnaire was presented to known contacts within the manufacturing sites. The 
multidimensional view of the physical assets management required that feedback be 
obtained from all other users and owners of assets. Departments that were targeted 
include production, engineering maintenance, human resources, financial services, 
projects management and quality assurance. A total of five manufacturing sites with a 
minimum of five participants per manufacturing site were targeted, thereby bringing the 
total respondent target to twenty-five participants.  
Questionnaires were, however, issued to more than the target number as a contingency 
plan which resulted in some manufacturing sites response rate exceeding the initial 
anticipated number. Table 4.2 below shows the response rate from the five 
manufacturing sites indicating a total of twenty three responses received out of thirty 
issued, producing a 77 percent response rate. 
Identity
Manufacturing Site  A
Manufacturing Site  B
Manufacturing Site  C
Manufacturing Site  D
Manufacturing Site  E
Number of Employees
37,700 Classified
unknown Classified
Area Land(Sqm) Area Building(Sqm) Asset Base(R'mil)
Classified
583,696
unknown
unknown
20001,500,000unknown1,600,000
403
770
15,600 822.15 378
unknown Classified 1600
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Table.4.2: Sample response rate 
 
4.4 MAIN STUDY QUESTIONNAIRE 
 
The questionnaire (Annexure A) that was distributed to the selected sites consisted of 
two sections. Section A is the biographical information while Section B statements are 
likert scale statements. 
 
4.4.1 Section A-biographical data 
 
The data was analysed according to years of service in the company, department in 
which the respondent is working, position in the company and the length of time in the 
current position. The summarized data table appears in Annexure B and below in Chart 
4.1 to 4.4 below. 
Chart 4.1 shows that an overwhelming majority (77 percent) of the respondents have 
been employed by the manufacturing facilities for more than 5 years. This fact makes 
them a reliable source of information as they have been there long enough to 
understand the manufacturing environment that they work in and they can offer well 
Site  ID
Manufacturing Site  A
Manufacturing Site  B
Manufacturing Site  C
Manufacturing Site  D
Manufacturing Site  E
Totals 30 23
Response
 Rate
88%
40%
86%
60%
100%
77%
5
Returned
7
2
6
3
5
Issued 
8
5
7
5
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informed judgment. It can be observed that 23 percent have been employed by the 
company between 11 and 15 years, another 23 percent have been employed by the 
company for between 16 and 20 years and 13 percent have been employed by various 
companies for over 20 years.  
 
Chart 4.1: Number of respondents according to length of service   
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 Chart 4.2: Number of respondents by department 
 
Chart 4.2 shows that engineering, production and finance departments contains the 
majority of the respondents, with 23 percent each, followed by other departments which 
are made up of warehouse management (logistics), purchasing and plant controlling; 
and planning. Human resource management departments had a poor showing with only 
9 percent. This area was targeted as it held the key to the human capital involved with 
the maintenance of the physical assets in the form of skills and labour retention 
strategies. Quality assurance is ranking the lowest with only 4 percent. 
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Chart 4.3: Position in the company 
 
Chart 4.3 shows that 22 percent of the respondents are made up of persons in the 
positions of purchasing manager, warehouse manager and controller; while production 
managers, human resource managers and operation managers each make up 13 
percent of the respondents. Maintenance managers, finance managers and engineering 
managers consist of 9 percent. Finally, project managers, quality assurance managers 
and general managers make up 4 percent each. 
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Chart 4.4: Length of time in current position 
 
Chart 4.4 highlights the fact that the majority, 68 percent, of the respondents have been 
in their current position for less than 5 years. It is, however, important to note that, when 
compared to Chart 4.1, there is a lot of movement of personnel within the company 
through promotions or lateral moves. Twenty-three percent of the respondents have 
been in their current positions for between 5 and 10 years. Four percent of the 
respondents have been in their current position for between 16 and 20 years. Five 
percent of the respondents have been in current position for between 15 to 20 years. 
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4.4.2 Likert scale statements data 
4.4.2.1 Spider diagram interpretation guide 
 
The researcher has decided to use a spider diagram to assist with the analysis of the 
results. The example below shows how to interpret the result using the spider diagram. 
Example 1 
  Strongly Agree Agree Neutral Disagree Strongly Disagree 
Likert Statement A 1 3 2 5 4 
Likert Statement B 1 3 2 5 4 
Likert Statement C 0 3 4 3 5 
Likert Statement D 1 3 2 5 4 
Likert Statement E 1 3 2 5 4 
 
Table 4.3: Example of responses 
 
0
1
2
3
4
5
6
Likert Statement A
Likert Statement B
Likert Statement CLikert Statement D
Likert Statement E
Strongly Agree Agree Neutral Disagree Strongly Disagree
 
Chart Example 1: Responses 
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Chart example 1 indicated that graphical representation of table 4.3, where five 
respondents disagreed with the Likert statement A, four respondents strongly 
disagreed, three respondents agreed, two were neutral and one strongly agreed. 
Responses to Likert statement C: five respondents strongly disagreed, four responded 
neutral. There were three respondents who disagreed and three who agreed. None of 
the respondents strongly agreed with likert statement C. 
4.4.2.2 Projects planning and implementation 
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Spare Parts, Tools
Failure and Cost history 
is available for project 
Planners and 
Equipment buyers for 
better decision
There exist an official 
controlled  handover 
between Project phase 
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We have lessons 
learned handbooks for 
all major projects
We have projects capex 
approval framework
Project Planning & Implementation - A
Strongly Agree Agree Neutral Disagree Strongly Disagree
 
Chart 4.5: Projects planning and implementation manufacturing site A 
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Chart 4.5 indicated that the majority of the respondents confirmed the existence of 
project approval framework prior to projects execution and that there are dedicated 
teams which include operational staff. Respondents indicated that the assets history 
was not used for future projects and no lessons learned reports were compiled at the 
end of any project. 
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buyers for better decision
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We have projects capex 
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Project Planning &Implementation - B
Strongly Agree Agree Neutral Disagree Strongly Disagree
 
Chart 4.6: Projects planning and implementation manufacturing site B 
 
Chart 4.6 indicated largely neutrality in all questions, indicating that respondents did not 
have enough knowledge regarding the variable. It was also evident that manufacture B 
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did not use assets history for new assets planning, nor did the projects team draft any 
lessons learned reports at end of projects. 
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Chart 4.7: Projects planning and implementation manufacturing site C      
          
Chart 4.7 indicated that the majority of the respondents agreed with the existence of an 
established project approval framework with wide consultation prior to execution. It is 
also evident that a dedicated projects team involving operational teams are formed for 
the execution of projects. There is also a dominant neutrality curve, indicating 
inadequate knowledge of this KPAMV. Lessons learned were disagreed with by some 
respondents. 
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Chart 4.8: Projects planning and implementation manufacturing site D 
 
Chart 4.8 indicated that the majority of respondents from manufacturing site D agreed 
on the existence of approval framework with projects teams formed and a wider 
consultation done to alleviate projects delays. There was also a large neutral response, 
indicating inadequate competence of the KPAMV. There was also an indication that no 
lessons learned are documented on project completion. 
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Chart 4.9: Project planning and implementation manufacturing site E 
 
Chart 4.9 indicates that the majority of respondents agreed with the existence of 
approval framework prior to project execution and  that projects teams are formed which 
include operational staff and that wider consultation should be  done to avert project  
risks. The existence of lessons learned reports have received strong disagreement from 
respondents, while the use of assets history for projects purpose have received 
disagreement. The fact that neutrality is dominant indicated inadequate knowledge of 
the KPAMV, by some of the respondents to give an opinion.  
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4.4.2.3 Financial Asset Registers 
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Chart 4.10: Financial asset register manufacturing site A                  
 
Chart 4.10 indicated an agreement by the respondents from manufacturing site “A”, with 
the existence of an asset register maintenance policy, to support the asset register 
which is reviewed regularly so that there is control on the issuing of assets numbers. 
There was also a disagreement on the use of the asset age profile for planning purpose 
and also on use of information from the asset register systems for evaluation of assets 
utilisation. The level of neutral respondents showed the lack of knowledge of the 
respondents on this KPAMV. 
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Chart 4.11: Financial asset register manufacturing site B 
 
Chart 4.11 indicated that respondents from manufacturing site “B” agreed that an asset 
register which is reviewed regularly and is supported by an asset register maintenance 
policy, exist in their site; they also agree that assets number issuing is controlled. 
Respondents disagreed that information in the asset register is used for the purpose of 
evaluating assets condition and their utilisation. 
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Chart 4.12: Financial assets register manufacturing site C              
            
Chart 4.12 indicated a high agreement that manufacturing site “C” has an assets 
register. There was, however a large number of respondents who were neutral 
regarding the availability of an asset register maintenance policy, these respondents 
were also neutral regarding the  utilisation of data out of the asset register for 
operational purposes i.e. asset condition, asset utilisation and planning asset 
acquisition. The neutrality indicated a lack of knowledge on this KPAMV from the 
respondents. 
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Chart 4.13: Financial asset register manufacturing site D 
 
Chart 4.13 indicated neutrality regarding the majority of questions, indicating a lack of 
knowledge on this KPAMV by respondents in manufacturing site “D”. There was, 
however some agreement in that manufacturing site “D” has an asset register which is 
reviewed regularly and that assets number issuing is controlled. There was a strong 
disagreement that the minimum capital expenditure value was too low. 
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Chart 4.14: Financial Asset Register Manufacturing Site E 
 
Chart 4.14 indicated a strong agreement by the majority of the respondents, that 
manufacturing site “E” has an asset register. Respondents agreed that the register is 
supported by a physical assets maintenance policy and that the issuing of an asset 
number is controlled with tractability between both financial asset systems and 
engineering asset systems. The majority of the respondents disagreed that the assets 
register data is utilized for assessment of assets condition or utilisation; they however, 
agreed that this data is utilized to evaluate asset cost and book value.  
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Respondents were neutral regarding assets expenditure value and the percentage of 
assets that cannot be accounted for, indicating a lack of knowledge regarding this 
question.  
4.4.2.4 Maintenance Management Strategies 
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Chart 4.15: Maintenance strategies manufacturing site A       
                   
Chart 4.15 indicated an agreement regarding the existence, availability and accessibility 
of maintenance strategy documents and policies in manufacturing site “A”. There was 
also agreed that maintenance personnel have target agreements. It can, however, be 
noted that respondents have not contributed to the development of such documents. 
There is also a level of lack of knowledge on this KPAMV, which was indicated by the 
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neutral responses, mainly regarding maintenance structures. Another leading response 
from these respondents was disagreement on the value-add of the maintenance 
strategy of the business practice and whether senior managers have knowledge of the 
maintenance policy document. 
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Chart 4.16: Maintenance strategies manufacturing site B 
 
Chart 4.16 indicated a high neutral response from respondents on most questions 
regarding maintenance strategies in manufacturing site “B”, showing a lack of 
knowledge on this KPAMV.  
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  Chart 4.17: Maintenance strategies manufacturing site C         
                      
Chart 4.17 indicated an agreement by majority of the respondents that there is a link 
between maintenance strategy and business strategy; however, most of the 
respondents gave neutral response on the existence, availability and accessibility of 
maintenance strategy documents and policies in manufacturing site “C”. This neutral 
response indicated a lack of knowledge on this KPAMV. There was also disagreement 
on the awareness of senior mangers on policy and that maintenance personnel have 
target agreements. 
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Chart 4.18: Maintenance strategies manufacturing site D 
 
Chart 4.18 indicated a largely neutral response regarding the question on this KPAMV 
showing a lack of knowledge, there was, however, some agreement regarding the 
existence and accessibility of maintenance strategy documents. 
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Chart 4.19: Maintenance strategies manufacturing site E 
 
Chart 4.19 indicated that the majority of respondents agreed on the existence, 
availability and accessibility of a maintenance strategy document and policy in 
manufacturing site “E”. There was agreement regarding the link between maintenance 
strategy and business strategy; and that maintenance personnel have target 
agreements. There was, however, a high level of neutral responses regarding the 
strategy effectiveness and practice, showing a lack of knowledge on this KPAMV.  
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4.4.2.5 Spare parts management 
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Chart 4.20: Spare parts management manufacturing site A      
          
Chart 4.20 indicated a strong agreement by most respondents that product support is 
vital to decision making in manufacturing site “A”. There was also a large agreement 
regarding the allocation of project cost to spare parts. There was also agreement that, 
slow moving parts are known; and that reorder points and quantities are based on 
reason; and that a review of parts quantity, obsolescence and spoilage is performed. 
There was a measure of neutral responses indicating a lack of knowledge on the 
KPAMV, by some respondents.  
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Chart 4.21: Spare parts management manufacturing site B 
 
Chart 4.21 indicated a high degree of neutral responses from manufacturing site “B” 
with agreement on some questions. There was a strong agreement on the value placed 
on product support during decision making and a strong disagreement that parts are 
tied to assets.  
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Chart 4.22: Spare parts management manufacturing site C       
        
Chart 4.22 indicated an agreement from the respondents that in manufacturing site “C” 
product support pays key role in asset selection, spare parts are considered during 
project phase and that there is knowledge of parts movement whose re-order point 
quantities are based on reason. There were however, a great number of neutral 
responses regarding the review of parts quantities, obsolescence and spoilage of parts 
on hand, as well as a link between part and assets. 
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Chart 4.23: Spare parts management manufacturing site D 
 
Chart 4.23 indicated a large neutral response regarding most questions, which indicated 
a lack of knowledge on this KPAMV. There was, however, a portion of agreement 
regarding the key role that product support plays, as an asset selection criterion. 
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Chart 4.24: Spare parts management manufacturing site E 
 
Chart 4.24 indicated that a large portion of the respondents agreed that parts are tied to 
assets in manufacturing site “E” and also that product support plays a key role in assets 
selection. There were, however, a high number of neutral responses regarding most 
questions, showing a lack of knowledge from respondents on this KPAMV. 
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Chart 4.25 Skills and labour retention manufacturing site A     
                
Chart 4.25 indicated that the majority of the respondents in manufacturing site “A” 
agreed that technical personnel get training and they are accountable and have a sense 
of urgency. There was also agreement that there is a healthy relationship between 
production and maintenance personnel, with personnel training being part of 
management performance target. There were, however, a number of neutral responses 
regarding the knowledge of career path and succession planning. This indicated a lack 
of knowledge form respondents on this KPAMV. 
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Chart 4.26: Skills and labour retention manufacturing site B 
 
Chart 4.26 indicated a large neutral response regarding most statements, indicating a 
lack of knowledge regarding this KPAMV from respondents in manufacturing site “B”.  
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Chart 4.27: Skills and labour retention manufacturing site C   
                  
Chart 4.27 indicated a large agreement by the majority of the respondents in 
manufacturing site “C”, that training is part of managements yearly targets, that 
technical personnel receive training on new assets; and that they are accountable and 
shows sense of urgency regarding their jobs. Respondents also agreed that a healthy 
relationship between production and maintenance exist. Respondents disagreed 
regarding the existence of a succession plan within the organisation. 
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Chart 4.28: Skills and labour retention manufacturing site D 
 
Chart 4.28 indicated the existence of a succession plan in the organisation and that 
management„s yearly targets include personnel training. Respondents in manufacturing 
site “D” also agreed that maintenance personnel is accountable and shows sense of 
urgency regarding their jobs. There was, however, a degree of neutral responses, 
indicating a lack of knowledge from respondents on this KPAMV. 
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Chart 4.29: Skills and labour retention manufacturing site E 
 
Chart 4.29 indicated great agreement that manufacturing site “E” has technical 
personnel trained on new assets and these personnel are accountable and has sense 
of urgency regarding their jobs; they also have a good relationship with production. 
There was also agreement that management‟s yearly targets include personnel 
development. A number of respondents, however, disagreed with the existence of a 
succession planning in the organisation. 
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4.4.2.7 Knowledge management 
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Chart 4.30: Knowledge management manufacturing site A 
 
Chart 4.30 indicated that manufacturing site “A” respondents largely disagreed 
regarding the existence of lessons learned documents and the sharing of asset failure 
records amongst technical personnel. There was a strong agreement on the use of 
information system for work instructions and good agreement regarding the   
accessibility of asset operational documentation by relevant staff members and that 
recommendations for changes on work instructions can be made by any personnel 
member.  
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Chart 4.31: Knowledge management manufacturing site B 
 
Chart 4.31 indicated a large neutral response from manufacturing site “B” respondents, 
indicating a lack of knowledge on this KPAMV. 
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Chart 4.32: Knowledge management manufacturing site C 
 
Chart 4.32 indicated that respondents form manufacturing site “C” largely agreed 
regarding sharing of asset failure documents amongst the maintainers of assets, and 
some respondents agreed that an information management system was utilised for 
work instructions (WI). It can, however, be noted that some respondents strongly 
disagreed that everyone is free to propose changes to WI. There were also a high 
number of neutral responses received regarding accessibility of operational documents 
for assets and the existence of lessons learned reports. 
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Chart 4.33: Knowledge management manufacturing site D 
 
Chart 4.33 indicated that a number of respondents from manufacturing site “D” agreed 
that a central information system is used for WI and everyone can propose changes to 
WI. There were also a number that disagreed on the accessibility of asset operational 
documentation and the existence of lessons learned reports after introduction of new 
assets. There were also a high number of neutral responses showing a lack of 
knowledge on this KPAMV by respondents.  
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Chart 4.34: Knowledge management manufacturing site E 
 
Chart 4.34 indicated mainly agreement by manufacturing site “E” respondents regarding 
the use of information management system for WI, accessibility of assets operational 
documents and freedom of employees to proposed changes to WI. There was also 
some level of agreement regarding sharing of assets failure by maintainers of such 
assets. Although there was also a large neutral response on this point and also on the 
existence of lessons learned documentation after assets introduction. This indicated a 
lack of knowledge on this KPAMV from respondents. 
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4.4.2.8 Use of information technology 
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Chart 4.35: Use of information system manufacturing site A 
 
Chart 4.35 indicated strong agreement regarding the existence of a computerised 
management system for assets in manufacturing site “A” and the system helps in the 
day to day running of the business. The majority also agreed that there is accurate 
repair history in this system which is used for problem solving. There was a number of 
neutral responses regarding the accuracy of the data in the system, this indicate a lack 
of knowledge of this question form respondents. 
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Chart 4.36: Use of information system manufacturing site B 
 
Chart 4.36 indicated that respondents from manufacturing site “B” agreed with the 
existence of an information system for assets and that it is used day to day in the  
running of business for problem solving, they  disagree on the usefulness of the system 
to isolate capacity thieves. 
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Chart 4.37: Use of information systems manufacturing site C 
 
Chart 4.37 indicated a large neutral response from manufacturing site “C” regarding the 
majority of the questions, indicating a lack of knowledge on this KPAMV from the 
respondents. It can however, be seen that the majority of respondents agreed as to the 
existence of an information system and some further agreed that it helps in the day to 
day running of the business. 
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Chart 4.38: Use of information systems manufacturing site D 
 
Chart 4.38 indicated a large neutral response from manufacturing site “D” regarding the 
majority of the questions, this shows a lack of knowledge on this KPAMV from 
respondents. 
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Chart 4.39: Use of information systems manufacturing site E 
 
Chart 4.39 indicated mostly agreement from manufacturing site “E” respondents 
regarding a system that can isolate capacity thieves with its accurate data used in the 
day to day running of business for problem solving. There was a neutral response 
regarding the amount of repair history in the system, this indicated a lack of knowledge 
on this KPAMV from respondents. 
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4.4.3  Combined industries analysis  
 
Results from all five manufacturing site were combined to assimilate the overall industry 
response. 
 
4.4.3.1 Project planning and execution 
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Chart 4.40: Projects planning and execution 
 
Chart 4.40 indicated agreement from the majority of respondents from various industry 
sites that feasibilities are done prior to assets procurement and that projects have 
138 | P a g e  
 
dedicated projects leaders, leading teams that includes operational staff. This asserts 
the fact that while businesses are willing to invest in capital assets, there are strong 
requirements for proper business case to show EVA and ROI. The appointment of a 
project leader and project team shows how industries want to create common 
understanding of project goals (Verzuh, 2003). 
The inclusion in project team, operational staff concurs with assertions by Dinsmore & 
Cabnis-Brewin on consultation of experienced personnel regarding critical factors of 
maintainability and reliability in order to influence operating characteristics of the project  
(Dinsmore & Cabanis-Brewin, 2006). 
4.4.3.2 Financial assets register 
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Chart 4.41: Financial assets register industry totals 
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Chart 4.41 indicated strong agreement regarding the existence of an assets register in 
manufacturing industries (Moubray, 1997). Responses indicated that assets registers 
are reviewed regularly and that the issuing of asset numbers is controlled, this affirms 
the realisation that accurate assets register can be one single step of attaining both 
operational and strategic management of physical assets (Byrne, 1994).There were 
indications of compliance with these requirements by in manufacturing sites.  
There is, however, a clear indication that industry is not utilizing the information in 
assets registers for assessment condition and utilisation. The data is used mainly for 
assessment of assets cost and value assessment. (APCC, 2001). The long term view 
and risk management ability, that an asset age profile gives (BVSC, 2011), is not 
consistently utilized in the industry for planning asset acquisition. 
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4.4.3.3 Maintenance Management Strategies 
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Chart 4.42: Maintenance strategies industry totals 
 
Chart 4.42 indicated  that industry has documented physical assets policies and 
maintenance strategies which are components of the hierarchy of documentation, 
critical to support the second level of the maintenance organisation (process and ways 
of working) with well established guidelines on what is required of them (Bamber et al., 
2004). 
The large number of neutral responses was an indication of the insufficient involvement 
of senior managers in maintenance strategies. According to (Mora, 2012), a 
management leadership involvement is a critical ingredient to the functioning of any 
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strategy, which in the case of industry is not consistently practiced regarding 
maintenance strategies. 
Maintenance personnel in industry have a target agreement which is crucial to 
achieving the purpose of the maintenance function. This is one way of maintaining   an 
effective and efficient human resource management in order to achieve a successful 
asset maintenance program (Cholasuke & Bhardwa, 2004). 
 
4.4.3.4 Spare parts management 
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Chart 4.43: Spare parts management 
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Chart 4.43 indicated that product support which is offered by OEM, to ensure problem 
free assets throughout their useful life (Ghodrati & Kumar, 2005), was agreed to be a 
critical criteria in the selection of physical assets during the manufacturing phase. It was 
also evident that provision for spare parts is made throughout industry sites, this is in 
recognition of the fact that if any manufacture is caught without the critical parts, they 
face a risk of prolonged equipment down time which could easily result in non-delivery 
of orders and loss of customer orders and eventual loss of revenue which, impact 
directly on the bottom line (Levitt, 1997).  
There was also an indication that in the industry a methodical classification of spare 
parts including the slow moving spares, reorder points and quantities are based on 
reason (Mitchell, 1962). 
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4.4.3.5 Skills and labour retention 
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Chart 4.44: Skills and labour retention 
 
Chart 4.44 indicated that the training of technical staff is receiving great attention within 
the industry. One of the key components of the employee value proposition (i.e. career) 
has within it, training as one of the key sub-elements that technical person considers 
prior to taking up position in organisation (Kochanski & Ledford, 2001). 
One of the elements that are linked to employee turnover, is career opportunities and 
unmet career expectation (Brown et al., 2003). The neutral response from some 
respondents was evident of a lack of knowledge regarding the existence of a career 
path for technical staff or any succession plans in the organisation. There was also 
disagreement regarding the existence of succession planning in manufacturing sites 
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sampled. Based on the assertion of (Brown et al., 2003) it would seem that 
manufacturing industries are sitting on a ticking time bomb regarding career path 
management and succession planning. 
 
4.4.3.6 Knowledge management 
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Chart 4.45: Knowledge management 
 
Chart 4.45 indicated that employees within the industry are free to propose changes on 
work instructions which are stored on a central information system. Work instructions 
form part of process based knowledge management as proposed by (Binney, 2001). 
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The fact that individual teams can propose changes based on their day to day 
experiences shows a drive for continuous improvement (Leanmanufacture.net, 2009). 
There is evidence that manufacturing industries do not document any lessons learned 
from projects, thereby risking having to make same mistakes repeatedly. The level of 
neutral responses showed a lack of knowledge regarding this KPAMV by respondents 
in various industries. 
 
4.5 CONCLUSION & SUMMARY 
 
The researcher received good responses from the targeted sample in particular from 
manufacturing site “A”, “C” and “E” with sample strata representative of key 
departments within manufacturing. 
It is evident from the results that there is some level of establishment and 
implementation of KPAMV, however, the levels are midocre. The biographical 
information shows that the respondents are senior managers with long service within 
the various manufacturing sites, which raised the expectation that they would have a fair 
level of understanding on all KPAMV. The level of neutral responses on various KPAMV 
has indicated the contrary. 
Chart 4.46 indicated  the overall responses from industry respondents regarding 
statements on particular KPAMV. It was evident that knowledge management, financial 
assets register and spare management are topics that are not well established within 
the industry. Although some level of understanding exists, the application of 
establisehed norms and standards associated with researched literature is greatly 
lacking.   
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Chart 4.46: Overall responses 
 
It can also be concluded that there is a fair amount of effort made by industry in dealing 
with the skills and labour retention, through training. It can be further concluded that 
project planning and execution methodologies are not well embedded, similarly, 
maintenance management strategies  are not well known by respondents, indicating a 
lack of support or interest regarding the subject.  
 
In this chapter the researcher presented a detailed analysis of the research 
questionnaire (Annexure A). In the following chapter, the researcher will provide a 
summary of the research finding based on the empirical survey, including 
recommendations and research opportunities. 
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CHAPTER FIVE 
5 CONCLUSION AND RECOMMENDATIONS 
5.1 INTRODUCTION 
 
The literature review in Chapter 2 was conducted to establish the best practices in 
physical assets management with particular focus on the identified key physical assets 
management variables as per figure 5.1, below. 
 
Figure 5.1: Key physical asset management variables 
 
In chapter 3 a research methodology applied in the research, was presented. In chapter 
4, a critical analysis of the research findings was conducted. 
In this chapter the researcher will highlight problems and limitations associated with the 
research project, then the research objectives will be reviewed and ascertain whether 
the research conducted has met the objectives as set out. This chapter will also give a 
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synopsis of the research findings, and recommendations for the manufacturing industry 
will also be discussed. Opportunity for future research will be highlighted as well.   
 
5.2 PROBLEMS AND LIMITATIONS 
 
There were no problems encountered during the course of the research project. 
Limitations were those associated with envisaged delimiters and proprietary business 
information. 
 
5.3 SUMMARY OF RESEARCH 
 
In order to satisfy the primary objective of the research project, a framework was used 
to guide the investigation. 
 
5.3.1 Primary objective 
 
The primary objective of the research project, as stated, was to investigate how physical 
assets management is implemented in the manufacturing industry to improve 
performance. The investigation into the implementation was guided by a literature 
review with the focus on the following identified physical asset management variables: 
 Project planning and implementation 
 Financial assets register 
 Maintenance strategies 
 Spare parts management 
 Skills and labour retention 
 Knowledge management 
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5.3.2 Main findings 
 
The literature review has shown that physical assets management is critical to the 
establishment of sound manufacturing processes. The key variables are fundamentally 
important during the life cycle of the physical assets. 
 It was also established from the literature that there is a link between physical assets 
variables with the company‟s revenue generation and profit. The research has shown 
that manufacturing within the Nelson Mandela Metropolitan is not well established on 
the KPAMV and key personnel in manufacturing have shown a lack of insight into the 
implications of these key variables. 
 
5.3.3 Project planning and implementation 
 
The research has also shown that the above mentioned manufacturing organisations 
are giving more attention to projects planning and implementation than the other 
KPAMV i.e. financial assets registers, maintenance strategies, spares management, 
knowledge management and skills and labour retention. It was also established that the 
focus is predominantly on quality gates one, two and three as indicated in figure 5.2, 
below. 
Although the operational phase is the longest of all phases there is little emphasis on 
strategies that ensure sustenance of the useful life of physical assets during this phase. 
There was also evidence to suggest that the focus is on the first phase of the system‟s 
life cycle and the rest of the phases are taken for granted. It may be inferred that this is 
driven by the perceived value associated with the initial capital investment and the focus 
that this capital investment receives from shareholders. 
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Figure 5.2: System life cycle 
 
5.3.4 Financial asset register 
 
Financial asset registers are available in the manufacturing industry in accordance with 
good corporate governance. However, the registers are not used to add value and 
improve business performance. 
 
5.3.5 Maintenance strategies 
 
Maintenance strategies are not well embedded in the manufacturing organisation. While 
it was evident that there are documented physical assets policies and strategies, there 
was also a strong sense from senior management that such policies and strategies are 
not efficiently practiced or adding value to the business. The lack of focus on 
maintenance strategies is denying the manufacturing organisation the opportunity to 
use maintenance as a vehicle to maximise business profit and offer a competitive 
advantage. Maintenance strategies must be focused to deal with the indirect cost of 
maintenance as purported by the literature. 
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5.3.6 Spare parts management 
 
Research has shown that spare parts management is a key feature for the sustained 
delivery of economic value add by physical assets within manufacturing. The emphasis 
that manufacturing organisation places on product support for procurement decision 
making, which a greater part of it is spare parts, is a clear indication as to how critical 
this aspect of physical assets management is to the physical assets life cycle.  
It must ,however, be noted that this is contradicted by the fact that provision for spare 
parts and spares parts systems are an afterthought in most manufacturing 
organisations. This fact is exposing businesses to the risk of non delivery and revenue 
loss at the early stages of the operational phase. 
 
5.3.7 Skills and labour retention 
 
Skills and labour retention is receiving a reasonable amount of attention from 
manufacturing organisations, this is mainly in the form of training. This is possibly being 
driven by the fact that there are tax incentives associated with work skills plans (WSP) 
or it may be a genuine attempt to improve employee engagement and provide an 
attractive employee value proposition.  
 
5.3.8 Knowledge management 
 
Knowledge management is not practiced even in its simplest form, i.e. there was no 
documentation of the lessons learned from major capital investment project. This means 
that good project executions are lost to the organisation if employees leave. What is 
worse is that the same mistakes could be repeated numerous times within the 
organisation. 
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5.4 RECOMMENDATIONS 
 
 Senior management should be informed regarding physical asset policies and 
their value to the organisation. 
 A paradigm shift is required as to how assets are being introduced and managed 
within manufacturing industries. 
 As the chief information officer is only responsible for information technologies, 
organisations should consider having a chief assets officer to integrate all 
aspects of the physical assets with a three dimensional view of engineering 
management, business management and information management.  
 One of the deliverables from projects planning and implementation should be 
lessons learned documentation of project processes. The document should be 
delivered to the project sponsor 3-4 months after the handover of the project to 
operations.  
 The projects team should provide manufacturing organisation with a 6 monthly 
review report, showing how the assets have started to provide economic value 
add as anticipated and projected in the feasibility study. 
 The organisation should have a documented asset policy and maintenance 
strategy document. Engineering asset registers and financial asset registers 
must be linked through a single asset number. Asset numbers should be issued 
as part of the capital budget approval process to facilitate improved control and 
standardised placement location of the asset numbers on the asset. 
 Succession planning should be a normal business practice, to avert business 
risk and to provide a clear career path for personnel. Personnel must be 
informed of the plans available. 
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5.5 POSSIBLE AREAS FOR FUTURE STUDIES 
 
Possible areas for future studies are: 
 A study regarding the actual implementation of individual or specific physical 
asset variable by manufacturing concerns. 
 A comparative study regarding inventory management for physical assets and 
inventory used for manufacturing process. 
 A study investigating how the introduction of SETA‟s has impacted on the value 
of investment on employee training and development in manufacturing sectors.  
 
5.6 CONCLUSION 
 
Physical asset management can be seen as an integrated strategy with the main 
objective of achieving a sustainable value out of physical asset throughout their useful 
life through the improvement of efficiencies, productivity, utilisation, condition, value and 
effectiveness. Such improvements will not only lead to better economic value add and 
return on investment, but will also go further in limiting exposure to financial risks, safety 
risks, environmental risks, operational and reliability risks. Risk as experienced in the 
recent events of the such as BP‟s Deep water Horizon rig explosion in April 2010, killing 
11 workers and leading to the largest oil spill experienced by man. 
The effectiveness of key physical asset management variables, as discussed above, 
depends largely on the management support and requires a top down approach in 
ensuring sustainability. Senior management throughout the business should be involved 
in the development of policies and strategies, thereby enhancing ownership. 
If applied and implemented effectively, the concepts identified and recommendations 
made in this research paper, could see an improvement in productivity and competitive 
advantage.  
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ANNEXURES 
ANNEXURE A: QUESTIONNAIRE 
 
 
 
 
 
NAME OF SELECTED SUPERVISOR: Prof JJ Pieterse 
E-MAIL ADDRESS OF SUPERVISOR: JJ.Pieterse@nmmu.ac.za 
NAME OF STUDENT: Ramoabi Moeng 
STUDENT NUMBER: 9742411 
E-MAIL ADDRESS OF STUDENT: rmoeng@aspenpharma.com 
ENVISAGED RESEARCH TOPIC:  
Physical Assets Management within manufacturing industry 
RESEARCH PROBLEM QUESTION/PRIMARY OBJECTIVE: How physical asset 
management is implemented in South African manufacturing industries to improve 
business performance. 
RESEARCH SUB-PROBLEMS/SECONDARY OBJECTIVES: 
a) What best practices does the literature reveal about implementation of various 
elements of physical Assets management in industries? 
b) How Manufacturing industries has implemented the various elements in 
comparison to what is in the literature. 
INFOMATION REQUIRED: 
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Answering of Questionnaire on the following Topics by Key personnel with the 
organisation 
 
1. Project planning and Implementation 
2. Control of financial Asset Register with  particular focus to PPE (IAS 16) 
3. Maintenance Strategies implementation 
4. Spare parts Management strategies 
5. Skills and Labour  retention 
6. Knowledge management 
Ps see attached detailed Questionnaire for your response. 
 
Thank you 
 
 
Ramoabi Moeng 
Head of Engineering – Aspen PE 
7 Fairclough Road, Port Elizabeth, 6001  
P O Box 4002, Korsten, 6014, Eastern Cape  
Aspen Pharmacare 
Switchboard: +27 (0) 41 407-2111: Direct Tel: +27 (0) 41 407-2049  
Fax: +27 (0) 41 407-2019: Cell: +27 (0) 82 342-0099 
rmoeng@aspenpharma.com 
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Section A- Biographical information 
 
1. What is your current length of service in the organisation? 
Less than 5 years 1 
5 to 10 years 2 
11 to 15 years 3 
16 to 20 years 4 
More than  20 years 5 
 
2. My department/Division is 
Finance 1 
Engineering 2 
Human Resources 3 
Quality Management 4 
Production 5 
Other 6 
 
3. My position in the company is  
General Manager 1 
Production Manager 2 
Operations Manager 3 
Maintenance Manager 4 
Engineering Manager 5 
Finance Manager 6 
Accountant 7 
Human Resource manager 8 
Projects Manager 9 
Quality assurance Manager 10 
Other 11 
  
 
4. What is the length of time in your Current position 
 
Less than 5 years 1 
5 to 10 years 2 
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11 to 15 years 3 
16 to 20 years 4 
More than  20 years 5 
 
Section B - Study Questionnaire 
 
  Maintenance Management Strategies 
Strongly 
Agree Agree Neutral Disagree 
Strongly 
Disagree 
1 
We have a documented maintenance strategy in 
the Company 5 4 3 2 1 
2 
There is a link between maintenance Strategy 
and Business Strategy 5 4 3 2 1 
3 The strategy is  effective 5 4 3 2 1 
4 
I have contributed in some way in the 
development of the Maintenance strategy 
Document 5 4 3 2 1 
5 We have a decentralised maintenance structure 5 4 3 2 1 
6 Maintenance personnel have target agreements 5 4 3 2 1 
7 We have a documented physical assets policy 5 4 3 2 1 
8 
All Senior Managers are aware of the policy 
document 5 4 3 2 1 
9 
The Maintenance  Strategy is being  practiced 
effectively 5 4 3 2 1 
10 
Maintenance Strategy is adding  value to the 
business practices 5 4 3 2 1 
11 We have assets  documentation at our disposal 5 4 3 2 1 
12 
We have a semi centralised maintenance 
structure 5 4 3 2 1 
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  Use of information Technology 
Strongly 
Agree Agree Neutral Disagree 
Strongly 
Disagree 
1 
There is computerized system  for our physical 
Assets 5 4 3 2 1 
2 The system is  used in problem solving  5 4 3 2 1 
3 
The system helps in day to day running of the 
business 5 4 3 2 1 
4 The system can isolate capacity thieves 5 4 3 2 1 
5 The data from the system is  accurate 5 4 3 2 1 
6 
We have assets repair history from the first day 
in service. 5 4 3 2 1 
  Spare Parts Management 
Strongly 
Agree Agree Neutral Disagree 
Strongly 
Disagree 
1 
A  percentage of project cost is allocated for 
Spares procurement 5 4 3 2 1 
2 Expensive and  slow moving  parts  are known 5 4 3 2 1 
3 
Improvement Studies of high use high cost items 
is done 5 4 3 2 1 
4 
Review on Obsolescence, spoilage and quantity 
on hand is done 5 4 3 2 1 
5 
Reorder points  and quantities are based  on 
reason  5 4 3 2 1 
6 Parts can be found within 10min in our store 5 4 3 2 1 
7 
Parts are tied to assets number through work 
order. 5 4 3 2 1 
8 
Product support is key to our  assets selection 
criteria 5 4 3 2 1 
  Knowledge Management 
Strongly 
Agree Agree Neutral Disagree 
Strongly 
Disagree 
1 
Lessons learned document is generated after 
every Asset introduction 5 4 3 2 1 
2 
Assets Failure is documented and shared 
amongst users and maintainers 5 4 3 2 1 
3 Assets operational documentation is accessible 5 4 3 2 1 
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to all staff who requires it 
4 
We use central  information systems for our 
Work instruction 5 4 3 2 1 
5 
Everyone is free to propose  changes to Work 
instructions 5 4 3 2 1 
 
 
Thank You!!! 
  Financial Asset Register 
Strongly 
Agree Agree Neutral Disagree 
Strongly 
Disagre
e 
1 We have  asset register  5 4 3 2 1 
2 
We update and review our physical assets register 
regularly 5 4 3 2 1 
3 
There is tractability between CMMS and Financial 
Asset system 5 4 3 2 1 
4 Asset number issuing  is controlled 5 4 3 2 1 
5 
We have documented physical Asset register 
maintenance policy 5 4 3 2 1 
6 
Assets age profile is used for planning assets 
acquisition 5 4 3 2 1 
7 
We have less than 10% of assets that cannot be 
accounted for 5 4 3 2 1 
8 Minimum capital expenditure value is too low 5 4 3 2 1 
9 
We  use information out of both asset register 
systems to evaluate assets condition 5 4 3 2 1 
1
0 
We  use information out of both asset register 
systems to evaluate assets cost 5 4 3 2 1 
1
1 
We  use information out of both asset register 
systems to evaluate assets value 5 4 3 2 1 
1
2 
We  use information out of both asset register 
systems to evaluate assets utilisation 5 4 3 2 1 
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  Skills and Labour Retention 
Strongly 
Agree Agree Neutral Disagree 
Strongly 
Disagre
e 
1 
Technical personnel take accountability of Work with 
sense of urgency 5 4 3 2 1 
2 
There exist a healthy relation between production and 
maintenance 5 4 3 2 1 
3 
Technical personnel receive training for newly 
installed  Assets 5 4 3 2 1 
4 We have  succession plans in the organisation 5 4 3 2 1 
5 
Training  is part of the management and employee‟s 
yearly objectives 5 4 3 2 1 
6 We have a clear career path for technical staff 5 4 3 2 1 
  Projects Planning and Execution 
Strongly 
Agree Agree Neutral Disagree 
Strongly 
Disagre
e 
1 
Projects feasibilities studies before assets 
procurement 5 4 3 2 1 
2 
Assets acquisition projects have dedicated project 
leaders 5 4 3 2 1 
3 
Project teams  for physical assets includes 
operational staff 5 4 3 2 1 
4 
Drawings  on New process are  inspected on time to 
avoid  Impact on project timing 5 4 3 2 1 
5 
Specifications on Equipment and New Technology is  
discussed with assets maintainers i.e.  Skills, Spare 
Parts, Tools 5 4 3 2 1 
6 
Failure and Cost history is available for project 
Planners and Equipment buyers for better decision 5 4 3 2 1 
7 
There exist an official controlled  handover between 
Project phase and operation phase 5 4 3 2 1 
8 
We have lessons learned handbooks for all major 
projects 5 4 3 2 1 
9 We have projects capex approval framework 5 4 3 2 1 
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ANNEXURE B: BIOGRAPHICAL RESPONSES 
 
1 2 3 4 5 6 7 1 2 3 4 5 1 2 3 4 5 6 1 2 3 4 5 1 2 3 4 5
Less than 5 years 1 1 1 1 1 1 1
5 to 10 years 1 1
11 to 15 years 1 1 1 1 1
16 to 20 years 1 1 1 1 1
More than  20 years 1 1 1
Finance 1 1 1 1 1
Engineering 1 1 1 1 1
Human Resources 1 1
Quality Management 1
Production 1 1 1 1 1
Other 1 1 1 1
General Manager 1
Production Manager 1 1 1
Operations Manager 1 1 1
Maintenance Manager 1 1
Engineering Manager 1 1
Finance Manager 1 1
Human Resource manager 1 1 1
Projects Manager 1
Quality assurance Manager 1
Other 1 1 1 1 1
Less than 5 years 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 to 10 years 1 1 1 1 1
11 to 15 years 1
16 to 20 years 1
More than  20 years
Company ECompany A Company B Company C
7 2 6 3 5
1.     What is the length of time in your Current position
1.     My position in the company is 
1.     My department/Division is
1.     What is your current length of service in the organisation?
Company D
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ANNEXURE C: LIKERT SCALE RESPONSES 
 
 
Questions S trongly Agree Agree Neutral Disagree S trongly Disagree S trongly Agree Agree Neutral DisagreeS trongly DisagreeS trongly Agree Agree Neutral Disagree S trongly DisagreeS trongly Agree Agree Neutral DisagreeS trongly DisagreeS trongly Agree Agree Neutral Disagree S trongly Disagree S trongly Agree Agree Neutral Disagree S trongly Disagree
We have a documented maintenance strategy in the Company 0 6 0 1 0 0 1 1 0 0 0 2 2 2 0 0 1 1 1 0 0 4 1 0 0 0 14 5 4 0
There is a link between maintenance Strategy and Business Strategy 0 5 1 1 0 0 0 2 0 0 0 5 0 2 0 0 1 1 1 0 0 5 0 0 0 0 16 4 4 0
The strategy is  effective 0 2 2 2 0 0 1 1 0 0 0 1 4 1 0 0 0 2 1 0 0 1 4 0 0 0 5 13 4 0
I have contributed in some way in the development of the Maintenance strategy Document 0 1 1 3 2 0 1 1 0 0 0 1 1 2 2 0 0 1 2 0 0 2 1 0 2 0 5 5 7 6
We have a decentralised maintenance structure 0 1 3 1 2 0 1 1 0 0 1 1 3 1 0 0 1 2 0 0 0 2 3 0 0 1 6 12 2 2
Maintenance personnel have target agreements 2 4 1 0 0 0 1 1 0 0 0 2 1 3 0 0 1 2 0 0 0 5 0 0 0 2 13 5 3 0
We have a documented physical assets policy 1 5 0 1 0 0 1 1 0 0 1 2 3 0 0 0 2 1 0 0 0 3 1 1 0 2 13 6 2 0
All Senior Managers are aware of the policy document 0 4 1 2 0 0 0 1 1 0 0 2 1 3 0 0 1 1 1 0 0 0 2 2 1 0 7 6 9 1
The Maintenance  Strategy is being  practiced effectively 0 3 2 1 1 0 0 2 0 0 0 2 3 1 0 0 0 2 1 0 0 2 3 0 0 0 7 12 3 1
Maintenance Strategy is adding  value to the business practices 1 3 1 2 0 0 0 2 0 0 0 2 3 1 0 0 0 2 1 0 0 4 1 0 0 1 9 9 4 0
We have assets  documentation at our disposal 1 4 0 1 0 0 1 1 0 0 0 2 2 2 0 0 2 1 0 0 1 2 1 0 0 2 11 5 3 0
We have a semi centralised maintenance structure 0 4 3 0 0 0 1 1 0 0 0 0 4 1 1 0 0 2 0 0 0 0 4 0 0 0 5 14 1 1
5 42 15 15 5 0 8 15 1 0 2 22 27 19 3 0 9 18 8 0 1 30 21 3 3 8 111 96 46 11
3% 41% 35% 17% 4%
S trongly Agree Agree Neutral Disagree S trongly Disagree S trongly Agree Agree Neutral DisagreeS trongly DisagreeS trongly Agree Agree Neutral Disagree S trongly DisagreeS trongly Agree Agree Neutral DisagreeS trongly DisagreeS trongly Agree Agree Neutral Disagree S trongly Disagree S trongly Agree Agree Neutral Disagree S trongly Disagree
There is computerized system  for our physical Assets 5 2 0 0 0 1 1 0 0 0 1 4 1 0 0 0 1 2 0 0 3 2 0 0 0 10 10 3 0 0
The system is  used in problem solving 0 5 1 1 0 0 1 0 1 0 0 1 3 2 0 0 0 2 1 0 1 3 1 0 0 1 10 7 5 0
The system helps in day to day running of the business 2 4 0 1 0 0 1 1 0 0 0 2 4 0 0 0 2 1 0 0 2 3 0 0 0 4 12 6 1 0
The system can isolate capacity thieves 0 3 1 3 0 0 0 0 2 0 0 1 4 1 0 0 2 1 0 0 0 5 0 0 0 0 11 6 6 0
The data from the system is  accurate 0 5 2 0 0 0 1 0 1 0 0 0 4 2 0 0 0 2 1 0 0 3 2 0 0 0 9 10 4 0
We have assets repair history from the first day in service. 0 4 1 1 1 0 0 1 1 0 0 1 3 2 0 0 1 2 0 0 1 0 4 0 0 1 6 11 4 1
7 23 5 6 1 1 4 2 5 0 1 9 19 7 0 0 6 10 2 0 7 16 7 0 0 16 58 43 20 1
12% 42% 31% 14% 1%
S trongly Agree Agree Neutral Disagree S trongly Disagree S trongly Agree Agree Neutral DisagreeS trongly DisagreeS trongly Agree Agree Neutral Disagree S trongly DisagreeS trongly Agree Agree Neutral DisagreeS trongly DisagreeS trongly Agree Agree Neutral Disagree S trongly Disagree S trongly Agree Agree Neutral Disagree S trongly Disagree
A  percentage of project cost is allocated for Spares procurement 0 4 2 1 0 0 1 1 0 0 0 4 0 2 0 0 1 2 0 0 0 0 4 1 0 0 10 9 4 0
Expensive and  slow moving  parts  are known 0 4 2 1 0 0 1 1 0 0 0 3 0 3 0 0 1 1 1 0 0 2 2 1 0 0 11 6 6 0
Improvement Studies of high use high cost items is done 1 3 3 0 0 0 0 1 1 0 0 2 3 0 1 0 1 1 1 0 0 0 3 2 0 1 6 11 4 1
Review on Obsolescence, spoilage and quantity on hand is done 2 3 0 2 0 0 1 1 0 0 0 1 3 1 1 0 1 1 1 0 0 3 1 1 0 2 9 6 5 1
Reorder points  and quantities are based  on reason 1 4 1 1 0 0 1 1 0 0 0 3 1 1 1 0 1 2 0 0 0 1 4 0 0 1 10 9 2 1
Parts can be found within 10min in our store 1 3 3 0 0 1 0 1 0 0 0 2 3 1 0 0 1 2 0 0 0 1 2 2 0 2 7 11 3 0
Parts are tied to assets number through work order. 2 3 0 2 0 0 0 1 0 1 1 0 3 1 1 0 0 3 0 0 0 5 0 0 0 3 8 7 3 2
Product support is key to our  assets selection criteria 1 5 1 0 0 1 0 1 0 0 0 3 1 1 1 0 2 1 0 0 0 4 1 0 0 2 14 5 1 1
8 29 12 7 0 2 4 8 1 1 1 18 14 10 5 0 8 13 3 0 0 16 17 7 0 11 75 64 28 6
6% 41% 35% 15% 3%
S trongly Agree Agree Neutral Disagree S trongly Disagree S trongly Agree Agree Neutral DisagreeS trongly DisagreeS trongly Agree Agree Neutral Disagree S trongly DisagreeS trongly Agree Agree Neutral DisagreeS trongly DisagreeS trongly Agree Agree Neutral Disagree S trongly Disagree S trongly Agree Agree Neutral Disagree S trongly Disagree
Lessons learned document is generated after every Asset introduction 1 1 1 4 0 0 0 1 0 1 0 1 3 2 0 0 0 2 1 0 0 0 3 1 1 1 2 10 8 2
Assets Failure is documented and shared amongst users and maintainers 1 1 2 3 0 0 0 1 1 0 0 4 2 0 0 0 1 1 1 0 0 2 3 0 0 1 8 9 5 0
Assets operational documentation is accessible to all staff who requires it 1 4 2 0 0 0 1 1 0 0 0 1 5 0 0 0 1 1 1 0 0 3 2 0 0 1 10 11 1 0
We use central  information systems for our Work instruction 2 3 1 1 0 0 1 1 0 0 0 3 2 1 0 0 2 1 0 0 1 3 1 0 0 3 12 6 2 0
Everyone is free to propose  changes to Work instructions 2 3 2 0 0 0 1 1 0 0 0 2 0 4 0 0 2 1 0 0 1 3 1 0 0 3 11 5 4 0
7 12 8 8 0 0 3 5 1 1 0 11 12 7 0 0 6 6 3 0 2 11 10 1 1 9 43 41 20 2
8% 37% 36% 17% 2%
S trongly Agree Agree Neutral Disagree S trongly Disagree S trongly Agree Agree Neutral DisagreeS trongly DisagreeS trongly Agree Agree Neutral Disagree S trongly DisagreeS trongly Agree Agree Neutral DisagreeS trongly DisagreeS trongly Agree Agree Neutral Disagree S trongly Disagree S trongly Agree Agree Neutral Disagree S trongly Disagree
We have  asset register 4 3 0 0 0 1 1 0 0 0 0 6 0 0 0 1 2 0 0 0 3 2 0 0 0 9 14 0 0 0
We update and review our physical assets register regularly 2 4 1 0 0 0 2 0 0 0 0 3 3 0 0 0 2 1 1 0 1 2 2 0 0 3 13 7 1 0
There is traceability between CMMS and Financial Asset system 1 2 3 1 0 0 1 1 0 0 0 2 3 1 0 0 2 1 0 0 0 4 1 0 0 1 11 9 2 0
Asset number issuing  is controlled 3 4 0 0 0 0 2 0 0 0 0 3 3 0 0 0 2 1 0 0 0 5 0 0 0 3 16 4 0 0
We have documented physical Asset register maintenance policy 1 4 1 1 0 0 2 0 0 0 0 2 4 0 0 0 0 3 0 0 0 4 1 0 0 1 12 9 1 0
Assets age profile is used for planning assets acquisition 0 1 3 3 0 0 1 0 1 0 0 0 5 1 0 0 1 1 1 0 0 1 2 2 0 0 4 11 8 0
We have less than 10% of assets that cannot be accounted for 0 4 2 1 0 1 0 0 1 0 1 1 1 3 0 0 0 3 0 0 0 2 3 0 0 2 7 9 5 0
Minimum capital expenditure value is too low 0 0 5 2 0 0 1 0 1 0 0 1 4 1 0 0 0 2 0 1 0 0 3 2 0 0 2 14 6 1
We  use information out of both asset register systems to evaluate assets condition 0 2 4 1 0 0 0 1 1 0 0 0 3 3 0 0 0 3 0 0 0 0 2 3 0 0 2 13 8 0
We  use information out of both asset register systems to evaluate assets cost 0 3 4 0 0 0 0 1 1 0 0 1 3 2 0 0 0 3 0 0 0 4 0 1 0 0 8 11 4 0
We  use information out of both asset register systems to evaluate assets value 0 5 2 0 0 0 0 1 1 0 0 2 2 2 0 0 0 3 0 0 0 3 0 2 0 0 10 8 5 0
We  use information out of both asset register systems to evaluate assets utilisation 0 0 4 3 0 0 0 1 0 1 0 0 4 2 0 0 0 3 0 0 0 1 0 4 0 0 1 12 9 1
11 32 29 12 0 2 10 5 6 1 1 21 35 15 0 1 9 24 2 1 4 28 14 14 0 19 100 107 49 2
7% 36% 39% 18% 1%
S trongly Agree Agree Neutral Disagree S trongly Disagree S trongly Agree Agree Neutral DisagreeS trongly DisagreeS trongly Agree Agree Neutral Disagree S trongly DisagreeS trongly Agree Agree Neutral DisagreeS trongly DisagreeS trongly Agree Agree Neutral Disagree S trongly Disagree S trongly Agree Agree Neutral Disagree S trongly Disagree
Technical personnel take accountability of Work with sense of urgency 0 6 1 0 0 0 0 2 0 0 0 6 0 0 0 0 2 1 0 0 0 3 2 0 0 0 17 6 0 0
There exist a healthy relation between production and maintenance 0 6 0 1 0 0 0 1 0 1 0 5 0 1 0 0 1 1 1 0 0 4 1 0 0 0 16 3 3 1
Technical personnel receive training for newly installed  Assets 0 7 0 0 0 0 0 2 0 0 0 6 0 0 0 0 1 1 1 0 0 4 1 0 0 0 18 4 1 0
We have  succession plans in the organisation 0 3 2 2 0 0 0 2 0 0 0 2 2 2 0 0 2 1 0 0 0 1 1 3 0 0 8 8 7 0
Training  is part of the management and employees‟s yearly objectives 0 4 2 1 0 0 0 1 1 0 0 6 0 0 0 0 2 1 0 0 0 5 0 0 0 0 17 4 2 0
We have a clear career path for technical staff 0 1 4 1 1 0 1 1 0 0 0 2 2 1 1 0 1 2 0 0 0 3 1 1 0 0 8 10 3 2
0 27 9 5 1 0 1 9 1 1 0 27 4 4 1 0 9 7 2 0 0 20 6 4 0 0 84 35 16 3
0% 61% 25% 12% 2%
S trongly Agree Agree Neutral Disagree S trongly Disagree S trongly Agree Agree Neutral DisagreeS trongly DisagreeS trongly Agree Agree Neutral Disagree S trongly DisagreeS trongly Agree Agree Neutral DisagreeS trongly DisagreeS trongly Agree Agree Neutral Disagree S trongly Disagree S trongly Agree Agree Neutral Disagree S trongly Disagree
Projects feasibilities studies before assets procurement 0 6 0 1 0 0 1 1 0 0 0 3 2 1 0 0 2 1 0 0 1 4 0 0 0 1 16 4 2 0
Assets acquisition projects have dedicated project leaders 1 6 0 0 0 1 0 1 0 0 1 4 1 0 0 0 2 1 0 0 1 4 0 0 0 4 16 3 0 0
Project teams  for physical assets includes operational staff 0 6 1 0 0 0 1 1 0 0 0 4 1 1 0 0 2 1 0 0 0 3 2 0 0 0 16 6 1 0
Drawings  on New process are  inspected on time to avoid  Impact on project timing 0 6 1 0 0 1 0 1 0 0 1 1 3 1 0 0 2 1 0 0 0 4 1 0 0 2 13 7 1 0
Specifications on Equipment and New Technology is  discussed with assets maintainers 
i.e  Skills, Spare Parts, Tools 0 3 3 1 0 0 1 1 0 0 0 4 1 1 0 0 2 1 0 0 0 2 3 0 0 0 12 9 2 0
Failure and Cost history is available for project Planners and Equipment buyers for better 
decision 0 1 2 4 0 0 0 1 1 0 0 0 6 0 0 0 1 2 0 0 0 3 1 1 0 0 5 12 6 0
There exist an official controlled  handover between Project phase and operation phase 0 4 2 1 0 0 1 1 0 0 0 4 1 0 1 0 2 1 0 0 0 4 1 0 0 0 15 6 1 1
We have lessons learned handbooks for all major projects 0 0 2 4 1 0 0 1 1 0 0 0 3 3 0 0 1 1 1 0 0 1 2 1 1 0 2 9 10 2
We have projects capex approval framework 5 2 0 0 0 1 0 1 0 0 1 4 1 0 0 0 2 1 0 0 4 1 0 0 0 11 9 3 0 0
6 34 11 11 1 3 4 9 2 0 3 24 19 7 1 0 16 10 1 0 6 26 10 2 1 18 104 59 23 3
9% 50% 29% 11% 1%
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